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FOREWORD

By Staff
Transportation Research
Board

This manual will be of interest to new transit schedulers, experienced schedulers,
transit planners, operating staff, and others who need to be conversant with the sched-
uling process. The materials clearly describe all steps in the bus and light rail schedul-
ing process.

Scheduling is a craft, whether executed manually or with computer assistance.
New employees of transit scheduling departments need training in this craft to do their
job, and experienced schedulers require retraining to fill gaps in their knowledge. The
best known reference guide on this topic was issued in 1946; it does not reflect mod-
ern information technology or operating conditions. Therefore, a new transit schedul-
ing manual, suitable for use in a training course, was needed by the transit industry.

Under TCRP Project A-11, Transit Scheduling: A Manual with Materials, research
was undertaken by Transportation Management & Design of Solana Beach, California,
to prepare a transit scheduling manual that incorporates modern training techniques for
bus and light rail transit scheduling. The manual consists of two sections: a basic treat-
ment and an advanced section. The basic-level section is in an instructional format
designed primarily for novice schedulers and other transit staff. The advanced section
covers more complex scheduling requirements. Each section may be used sequentially
or independently and is designed to integrate with agency apprenticeship and on-the-
job training.

To achieve the project objective of producing an updated transit scheduling man-
ual, the researchers conducted a review of literature and existing practices to identify
methods used to schedule transit vehicles and personnel; conducted site visits at a
cross-section of transit agencies to establish the state of practice; prepared a glossary
to define scheduling terminology and identify common synonyms; and developed a
manual that outlines the steps in a model scheduling process. These steps include
both manual and microcomputer applications using standard commercial spreadsheet
software.

The basic-level training section was evaluated at two mid-sized transit systems and
at one smaller midwest university. The advanced training section was evaluated at two
larger, multimodal transit systems. The findings indicate that the content and design of
the manual effectively and efficiently meet a need for practical, structured and docu-
mented transit scheduling training materials applicable to both transit and nontransit
participants with varying degrees of transit experience and need.
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STUDY OBJECTIVES

Remember that the development of service schedules is heavily influenced by organizational
service standards and policies.

Understand that service standards and policies are set by board policy and considered
management priorities.

Be aware that policies and standards used in service development are a balance between cost
efficiency and the provision of adequate service to the public.

Know that three areas of schedule development most greatly influenced by service standards and
policies are 1) route structure, 2) service frequencies and 3) service timing.

Learn that route structure defines where the route will go and is related to the interconnectedness
of the entire service network.

Know also that three areas of route structure include cycle times, route configurations and
interlining.

Be able to recognize the definitions of route cycle, route configuration and interlining.

Understand that maximizing the route length to cycle time utilizes equipment and labor time
more efficiently.

Recognize how the maintenance of a fixed headway (frequency) can lead to additional layover/
recovery time.

Understand how planning for vehicles to arrive at a common location for a timed transfer affects
cycle times.

Be able to recognize diagrams for branches, loops and short turns.

Be knowledgeable of the three types of service frequencies — policy (minimum), demand-based
and performance-based frequencies.

Remember the four typical service timing standards and policies are 1) transfer connections, 2)
trunk intertiming, 3) clock frequencies and 4) service timing hierarchy.



introduction

Within the transit organization, the
development of service schedules is heavily
influenced by organizational service standards
and policies. These standards and policies
establish guidelines on how service can be
developed and scheduled.

{I. Service Standards and Policies

Service standards and polices generally are set
by board policy and considered management
priorities. As such, they tend to vary from one
organization to another.

Policies and standards are generally designed
to provide a logical balance between optimal

cost efficiency and the provision of adequate
service to the public.

Three areas of schedule development that are
most greatly influenced by service standards
and policies are:

Where the vehicle
travels during the
service day

1) Route structure

2) Service frequencies How often a vehicle
comes by on the
route

When the vehicle
comes by on the
route

3) Service timing

Route structure ALY

. FEEONY
Where the vehicle travels on a route 22/
during the service day is, to a great %/ 1L

degree, related to the
interconnectedness of the service network.

—f L W
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The structure of individual routes and how they

interconnect with other routes are part of route structure.
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Three areas of route structure that are most
influenced by service standards and policies
are

a) route cycle times,

b) route configurations, and

c) interlining.

Route cycle times

Cycle time is the time it takes to drive a round
trip on a route plus any time that the operator
and vehicle are scheduled to take a break
(layover and/or recovery time) before starting
out on another trip.

Typical service standards attempt to MAXIMIZE
THE LENGTH OF THE ROUTE DESIGN per
cycle time, while providing for the minimum
amount of layover/recovery time allowed.

ROUTE A
r - - -2y r=—--=-- -y -
1 1 1 1
. . i Greater route length |
| 1 1 I
I 1 i 1
1 cycle time = 40 min. | i cycle time = 40 min. 1
S mm owm o em = mm K3 b oo oom e o oam o G o e e d
Less desirable More desirable

Maximizing the route length per cycle time facilitates

the most effective use of equipment and labor.

Maximizing route length per cycle time utilizes
equipment and labor power most effectively.
However, other considerations make this
optimization difficult to achieve.

Other considerations that make optimization of
labor and equipment difficult include...

¢ the need to maintain consistent time
between vehicles on a route (headway),

e adjusting for changes in ridership and
traffic during the day (for example, rush
hour vs. non rush hour), and

* planning for vehicles to arrive at common
locations so that passengers may make
transfers to other routes (timed transfers).

These considerations often require additional
layover/recovery time beyond the mininum
allowed.
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Route configurations

Route configuration is basically the definition of where the route goes. If a route is configured in a
complex way, it is difficult to schedule the vehicles to be evenly spaced throughout the route
(maintaining a consistent headway). However, a complex route can often lead to reduced costs
because equipment and labor can be better optimized. Again, service policies and standards generally
dictate a type of balance between cost efficiency and service to the public.

Some examples of typical route configurations

Branch A e _}
Rc|>ute with a
oop end
Trunk Branch B L
® Loop route
Branches Loops
some vehicles turn around at
the short turn terminal
Terminal Short turn Long line
terminal terminal
Short turn
. . 1- Eliminate end-of-line looping.
Interlining d-o ping. Often a

Interlining is the term used for scheduling a
vehicle to operate from one route to another
during a service day. When a vehicle is
scheduled to switch over from Route 1 to
Route 2, the routes are said to be interlined.

Route 2

\_// shared

terminal
Route 1

Interlining is the process of scheduling a vehicle to

Optimal interlining can result in reduced costs
to the agency AND provide a convenience to
the passenger. Interlining is often done for one
of the following four reasons:

travel from one route to another during a service day.

vehicle is scheduled to loop around at the end
of the line. This same loop may also be done
by another vehicle on another route.
Combining the two loops by interlining reduces
redundant time and mileage costs.

2- Lack of layover locations. Locating suitable
locations for a vehicle to “park” during layover
is often difficult or impossible in certain areas.

Interlining can allow the vehicle to layover at a
location on another route.

3 - Optimization of cycle times. The interlining
of two routes with non-optimal cycle times at a
common location can create overall compatible
cycle times for the route pair.

4 - Reducing passenger transfers. For
passengers traveling to a location that requires
them to transfer from one bus to another, an
interline of those routes eliminates the need to
make the transfer.

Page 5
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True or False

service network. True or False

time.

H1. Service Frequencies

Service policies and standards
also affect the development of
service frequencies, i.e., how
often avehicle will comeby on
the route - also commonly
referred to as “headway.”

Three principal service policies or standards
generally govern how often a vehicle is
scheduled to come by on a route. They are

a) policy (or minimum) frequency,
b) demand-based frequencies, and
c) performance-based frequencies.

Policy frequencies

Some agencies simply establish by policy or
standard, that on a given route, a vehicle will
come by at fixed intervals — for example,
every x minutes.

Review key points by answering these questions.

1) The development of service schedules is heavily influenced by organizational service standards and policies.
2) Policies and standards are generally designed to provide a logical balance between optimal cost efficiency and
the provision of adequate service to the public. True or False
3) Which of the following are greatly influenced by service standards and policies?
a) route structure ¢) service timing

b) service frequencies d) management priorities

4) Where the vehicle travels on a route during the service day is related to the interconnectedness of the entire
5) Typical service standards attempt to maximize / minimize (choose one) the length of the route design per cycle

6) Three areas of route structure that are most influenced by service standards and policies are...
a) route cycle times c) interlining
b) route configurations d) ride checks

7) Describe any one of the four examples given for interlining.

=N\

AN
10 minutes

Policy frequencies often establish that a vehicle

will come by on the route at fixed intervals.

A vehicle coming by every 60 minutes would be
a low frequency service, while a vehicle coming
by every 10 minutes would be considered a
high frequency service.

Fixed interval service is a convenience to the
passengers, because they know a vehicle will
come by at regular intervals. However,
scheduling for policy (minimum) frequencies
can create cost inefficiencies by requiring
excessive layover/recovery time to keep the time
between vehicles constant.
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Demand-based frequencies

With demand-based frequencies (or
headways), the agency policy dictates that the
level of service provided on the route is
directly related to the number of passengers
riding at one time (passenger load) and the
vehicle capacity required to carry them.

Demand-based frequencies result in a level of
service that is based on passenger load.

Determining passenger loading requirements is
often done primarily through two methods:

Ride checks One or more data collectors rides
a vehicle along the route and notes the number
and locations of passenger boardings and
deboardings.

Point checks One or more data collectors
located at strategic points along the route
records passenger boarding, deboarding and
time information.

Meeting passenger load requirements of
demand-based frequencies often requires
adjustments in service frequency, multiple trips
and/or adjusting vehicle size and capacity.

Performance-based frequencies

With this approach, service frequencies are goal-oriented and based on targeted performance standards.
These performance standards are measured during a given service period or service day.

Performance measures typically include one or more of the following formulas.
(Note that “revenue” hours or miles means that the vehicle is in service and collecting passengers. It

also includes layover time.)

SERVICE EFFECTIVENESS (productivity)
o Passengers Passengers Passengers
o) per per
= Revenue Vehicle
a Hour Trip
<
0]
> COST EFFECTIVENESS
Q .
8 Operating Expense Operating Expense
per
g Passenger Passenpge(rer Mile
@)
‘tj OVERALL EFFECTIVENESS
L Farebox Revenue
A Net Subsidy Net Subsidy her
per per Cost of Service
Passenger Passenger Mile (Operating Ratio)
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IV. Service Timing

Service policies and standards
influence when vehicles will
come by on the system (service
timing).

Four typical service timing policies are

transfer connections,
trunk intertiming,

clock frequencies,
service timing hierarchy.

coge

Transfer connections

Transit systems, depending on their size,
generally need to identify key transfer
connections (locations and times) that must
occur in order for the entire service network to
be successful.

Where service is frequent (15 minute
frequencies or less), ad hoc or untimed
transfers generally meet passenger needs.

Where service is infrequent, (20 or more
minutes between vehicles, timed transfers are
desired when possible.

Trunk intertiming

In many cases, trips on one or more routes
serve a “common corridor.” Coordinating the
timing of these trips can result in better service
to the passengers in at least two ways.

SR

{isg‘; Less '
w desirable More
in .
spacing desirable
between spacing '
vehicl
€s between
' vehicles
® ®

Route 2 I
. ————
X | ke
| | trans_fer
. ; location
1 1
! Route 1!
b e ow e e e om mm omm e W e e ol

Timed and untimed transfers occur at key
transfer locations.

Intertiming trips that serve a common corridor
results in more even frequencies and more
balanced passenger loads.

First, by timing the vehicles from different
routes (or multiple vehicles making trips on the
same route) to be evenly spaced along the
corridor, the service frequency (headway) can
maintain its evenness. The passenger knows
another vehicle will be along in __x __ minutes.

Secondly, the even spacing of vehicles helps to
prevent “bunching.” Bunching can occur
when vehicles with lighter passenger loads
catch up to vehicles with heavier loads. The
heavier load vehicles run slower because they
make more frequent stops.

MR g o ] Lo o 0
— Eoi—od WL T o

fewer stops many stops

Bunching occurs when vehicles with lighter loads
catch up to vehicles with heavier loads.
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Clock frequencies

Clock frequencies describe trips that are
scheduled to be at selected locations at regular
intervals past the hour.

Scheduling vehicles to come by passenger
stops at regular clock intervals is intended to be
a convenience to passengers.

For example, a passenger would know that the
next vehicles are scheduled to come by at 16,
26, 36, 46 minutes past the hour and so on.

Oomm=m o

With clock frequencies, one time point in each
direction keys clock intervals.

Clock frequencies are usually assigned to one
time point in each direction, often at the end-
of-the-line.

However, it is usually difficult to operate a
comprehensive clock-based system and still
make necessary adjustments in running times
throughout the service day.

Service timing hierarchy

The timing hierarchy identifies key time points
which drive the development of individual
schedules.

In the case of timed transfers, the hierarchy
determines on which routes in the system the
transfer connections are based.

As a result, there are usually two service
timing hierarchies—one at the system level and
one for each individual route.

Review key points by answering these questions.

Which one is goal-oriented: demand-based frequencies or performance-based frequencies?

1)
2)

3)

4)

5)

6)

Determining passenger loading requirements is often done primarily through which of the following methods?

(choose two)
a) ride checks -
b) call checks

¢) point checks
d) drive checks

“Revenue hours” means that the vehicle is in service and collecting passengers.

True or False

Transfer connections, trunk intertiming, clock frequencies and service timing hierarchy are all part of...

a) route configuration
b) service timing

c) service frequency
d) none of the above

Where service is frequent, ad hoc or untimed transfers generally meet passenger needs.

True or False

Describe what occurs with “bunching.”
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Notes:
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12)

13)

14)
15)

16)

17)

Study Objectives

Learn that trip generation (trip building) is the process of developing the service schedule
for a route.

Remember what the public version of a service schedule is called.
Be able to recognize the definition of span of service.
Know the significance of the maximum load point.

Understand the difference between demand-based and policy-based scheduling.

Remember the definition of headway.

Learn the diagrams of branches, loops and short turns.

Be able to relate the number of terminal points to typical types of routes.
Learn the definition of cycle time.

Remember the difference between minimum and available cycle time.

Given the headway and cycle time for a route, be able to compute the number of
vehicles needed to provide service on that route.

Learn the definition of an intermediate time point, how it is often referred to in
computerized scheduling, and what location characteristics make good intermediate time

points.

Be able to describe the difference between an internal time point and a time point found
on a public timetable.

Learn the definition of running time.
Understand what operators do at relief points.

Remember that timed transfer considerations require revenue vehicles to converge at a
common transfer location.

Given relevant information, be able to build a master schedule for a particular route.
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Introduction

Trip generation

Trip generation (also called trip building) is the

process of developing the “master” service
schedule for a route.

The master service schedule, or simply, the
master schedule, indicates all the times that
revenue service vehicles are scheduled to be
at specific locations along the route.

7:05
6:30 6:45

& & Elm 6th & Ash

------ . 6:45
oY 10th & Fir
6:35

8th & Main

6:20
4th & Locust

Trip generation is the process of determining
when and where vehicles will be on a route.

The customer version of the service schedule

is often called a public timetable.

Trip generation requires input from the
Scheduling department as well as information
from other departments, such as Planning,
Operations, Marketing and Finance.

Policy and Planning Criteria

Span of service
The “span of service” is the duration of time
(measured in hours and minutes) that vehicles
are available for passenger service on a route.
The service span is measured from the
beginning time of the first trip on the route to
the end time of the last trip on that route.

Maximum load point
The maximum load point(s) (MLPs) is (are) the

location(s) along a route where the greatest
number of passengers are on board.

Chapter 2/ TRIP GENERATION

Having this maximum load point
information, along with other factors, allows
the scheduler to determine the number of
vehicles that will need to pass the MLP in
order to accommodate the passengers
wanting to use the service.

Headway

The “headway” is the time interval between
two consecutive revenue vehicles operating
in the same direction on a route. This is also
referred to as “service frequency.”

As mentioned in Chapter 1, the headway or
service frequency on a route is determined

either by company policy or by demand as

determined by factors such as the MLP.

Policy-based frequencies
Where schedules maintain a consistent and

fixed interval between vehicles on the route,
the schedule is said to be “policy based.”

._/——;&PiN

7:00a
7:30a
8:00a
8:30a
9:00a
etc.

Policy-based headways operate at fixed intervals.

The fixed headway between vehicles is likely
the result of low passenger demand and the
desire of the company to have a minimum
level of service on the route.

The headway on a policy-based schedule
will often be an even “clock multiple,” most
commonly every 10, 15, 20, 30 minutes or
on the hour, although not always.

Policy-based schedules are a convenience to
the passengers, informing them that a vehicle
will arrive at their passenger stop every X
minutes past the hour.
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Demand-based frequencies

5:02
p.m.

5:04
p.m.

5:08
p.m.

Company ABC 5:00
p.m. shift end

Demand-based schedules include multiple trips
spaced to accommodate the number of passengers
at the maximum load points.

On routes where the volume of passengers is
great at certain times and locations, more trips
will need to be scheduled in order to meet the
demand.

The appropriate headway for demand-based
headways is generally based on

1) the number of passengers wanting the
service at various locations (this includes
both passengers already on board and those
waiting at passenger stops).

2) the number of spaces available on the
vehicle (including seats and standing room).

3) the company policy on how many people
can be on board (seated and standing) at
certain times and on certain vehicles,
otherwise known as the “loading standard.”

The loading standard is generally expressed as
the percentage of passengers allowed on the
vehicle to the actual seating capacity of the
vehicle.

For example, if the loading standard is
established by company policy as 133% on a
vehicle with 45 seats, then 60 persons is the
target (but not a cutoff) for maximum
capacity.

Example:

133% - 60 spaces

loading standard 45 seats

The loading standard is the percentage of passengers the
company will target as a maximum load. It is expressed

as a percentage of the number of seats available.

Example: Demand-based frequencies
In this example, 3 trips serve the passenger
stop in front of ABC Corporation around
5:00 p.m. as follows:

Current Service

Trip OnBoard Boarding  Total

5:02 34 48 82
5:04 46 35 81
5:08 41 24 65
TOTAL 121 107 228
Loading standard (%) =125%
Vehicle seating capacity = 45

target maximum # of passengers for each
vehicle...

125% * 45 = 57

Since 3 vehicles with a loading standard of 57
each equals 171 (3 x 57), then 57 passengers
(228 - 171) are not being provided rides or are
boarding and overcrowding the vehicles.

Solution

Adding another trip by a similar sized vehicle
during the period will provide enough vehicle
space.

228 / 57 — 4vehicles

riders  spaces per
(spaces  loading
needed) standard

Trips to that location around 5:00 p.m. are
revised to the following schedule:

Trips

5:00
5:03
5:07
5:12
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Route patterns

Routes often consist of a trunk or main path providing the same frequency of service over the entire
length of the route. Route variations include trips whose path deviates from the trunk in some
manner. These basic route deviations are referred to as branches, loops, and short turns.

Examples of branches, loops and short turns

The following diagrams illustrate three typical deviations from the main trunk of a route.

’

Branch A
(30-min. headway)

Branch B
(30-min. headway)

Trunk
(15-min. headway)

Trunk

=
A

o Route with a loop end Loop route
(generally one-way) (one-way or bi-directional)
Branches Loops
. denotes Terminal Location
Trunk Extension
(15-min. headway) (30-min. headway)
Terminal Short turn Long line
terminal terminal
Short turn

Terminal points

Terminal points are considered the “ends” of a
line or route. These are the locations where
vehicles generally begin and/or end their trips
and operators usually take their layovers.

Terminal
point

Terminal point

Terminal points are considered ends of the line.

For that reason, locations where there is safe
parking and restrooms close by are considered
desirable locations for terminal points.

How many terminal points are usually on a
route?

Loop routes that operate only in one direction
generally have only one terminal point.

A basic end-to-end route with bi-directional
service and no branches or short turns
generally has two terminal points, one located
at each end of the route.

Routes with more complex patterns generally
have more than two terminal points.
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1y

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

12)

13)

Review key points by answering these questions.

The master service schedule indicates all the times that revenue service vehicles are scheduled to be
at specific locations along the route.

True or False

The customer version of the service schedule is often called a

What is the span of service?

The maximum load point (MLP) represents a point along the route where the greatest / fewest
(choose one) number of passengers are on board.

The headway is the time interval between two consecutive revenue vehicles operating in the same
direction on a route. True or False

Headway is sometimes referredtoas _ _ _ __ __ _________ .

A fixed headway between vehicles is likely the result of low passenger demand and the desire of the
company to have a minimum level of service on the route.

The above sentence refers to policy-based or demand-based headways. (choose one)

On routes where the volume of passengers is great at certain times and locations, more trips will
need to be scheduled in order to meet the demand.

The above sentence refers to policy-based or demand-based headways. (choose one)

Define loading standard.

If a vehicle had 40 seats and a loading standard of 150%, what is the target maximum load?

Branches, loops and short turns are examples of route pattern variations. True or False

Operators generally take their layovers at terminal points. True or False

Match the following: end-to-end route one terminal
complex route two terminals
loop route more than two terminals
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IN THE FOLLOWING SECTIONS, ROUTE 32 WILL BE DEVELOPED TO ILLUSTRATE THE
TRIP BUILDING PROCESS AND TO DEMONSTRATE NEW CONCEPTS.

Western Terminal
(Rio Grande/
Montano)

> Z

Eastern Terminal
(Comanche/
Big Sky)

Route 32

Route 32 will have two terminals or end
points. The western terminal is located at
Rio Grande & Montano. The eastern
terminal is located at Comanche & Big
Sky.

The time it takes for one vehicle to
operate passenger service from one
terminal to the other (excluding layover/
recovery time) is 36 minutes (72 minutes
round trip).

By agency agreement, the minimum

layover/recovery time per round trip is
established at 10% of the round trip
running time.

Trips generated for this route will
operate bi-directionally between the two
terminals, operating on a policy-based
30-minute headway.

The service span will be during peak
hours only. In this case, approximately
6:00 a.m. - 10:30 a.m. and 1:30 p.m. -

6:30 p.m.
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Cycle time

Cycle time is the number of minutes needed
to make a round trip on the route, including
layover/recovery time.

Terminal Terminal
> ﬂ
» Layover

Cycle time is the time needed to make a
round trip, including layover/recovery time.

Cycle time is important for several reasons,
including playing a part in the formula used
for determining the number of vehicles
needed to provide a given level of service on
aroute. (See next page.)

Since cycle time equals the number of
minutes needed to make a round trip,
including the layover/recovery time, the
scheduler determines the amount of time it
takes to operate or “run” from one end of the
route to the other and back, then adds
layover/recovery time to yield the cycle time.

Minimum vs. Available Cycle Time

For many agencies, on some or all routes, the
amount of layover/recovery time is often
determined by labor agreement or agency

policy.

These agreements or policies dictate a
minimum number of minutes that must be
built into the schedule for layover/recovery.

Minimum cycle time is the number of minutes
scheduled for the vehicle to make a round
trip, including a minimum layover/recovery
time as dictated by labor agreement or agency
policy. In the example of Route 32, the
minimum layover/recovery time is 10% of the
round trip time.

However, maintaining a constant headway,
such as the policy-based, 30-minute headway
for Route 32, will, in most cases, result in a
cycle time OTHER THAN THE MINIMUM
CYCLE TIME for the vehicles operating that
route.

In the case of Route 32, it will be necessary
for vehicles to layover/recover longer than the
minimum 10% agency requirement.
Otherwise, they would leave the layover point
too soon and arrive at the stops along the
route sooner than the schedule indicates.

Therefore, additional (sometimes called
“excessive”) layover/recovery time is
necessary to maintain the 30-minute headway
on Route 32.

The resulting cycle time (which includes the
additional layover/recovery time) necessary to
maintain the 30-minute headways is now
called the available cycle time.

Passenger Stop
(time point)

Time point arrival times Terminal

for this vehicle...

Terminal 9:00 -
10:30 Vehicles need a 90- ¢y
12:00 minute cycle time |
Y
Round trip
running time

72 minutes

Available cycle time includes excessive
layover/recovery time necessary to
maintain constant headways.

In the optimal case, the minimum cycle time
would be the same as the available cycle
time. However, maintaining fixed, clock
multiple headways often makes that
impossible.
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So how many vehicles would be needed to Solving the equation for available cycle
maintain the 30-minute headway on Route 32? time...

To operate the 30-minute headway on Route
32 (or any consistent headway on any route),
a simple formula is used to determine the
number of vehicles needed.

90

Cycle time

= # Vehicles
Desired Headway

Formula for computing the number of vehicles
needed to operate a given headway.

Given the minimum layover/recovery time for
Route 32 of 10% of round trip time, the
number of vehicles needed is initially
computed as follows:

Minimum cycle time:

{round trip time + min. layover/recovery)
(72 + (10% x 72))

(72 +7.2)

(7.2 is rounded to the next whole
number 8)

= (72 +8)

= 80

Desired Headway:
= (30) minutes

80

= 2,67
30

Obviously, it is not possible to operate 2.67
vehicles. The number of vehicles needed
would be rounded up to three (3).

Substituting 3 for 2.67 means the cycle time

would have to change if the 30-minute
headway remains constant.

? (cycle time)

= 3 vehicles
30 (minute headway)

30

Maintaining the 30-minute headway yields an
available cycle time of 90 minutes.

With a round trip running time of 72 minutes,

this means that 18 minutes of layover/recovery
time per round trip is necessary to maintain the
30-minute headway, while utilizing 3 vehicles.

36 min. eastbound

+ 36 min. westbound
+ 8 min. layover
+ 10 min. excess layover

= 90 min. available cycle time

Ninety minutes of available cycle time for
Route 32 includes 18 minutes of layover/
recovery per round trip.

In general, can schedulers do anything else with
excess layover/recovery time?

Excess layover/recovery time generally is used
by the scheduler in one of 5 different ways:

1} to maintain consistent headways (as with
Route 32).

2) to allow route deviations (changes in
where the vehicle goes on the route).

3) to modify the headway (i.e., longer or
shorter headways for more efficient vehicle
utilization).

4) to lengthen the route where there is
enough available cycle time.

5) to facilitate interlining with other routes.
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- Recap of cycle time, # of vehicles, headway, and span of service for Route 32
Westbound running time = 36 minutes Westbound running time = 36 minutes
Eastbound running time = 36 minutes Eastbound running time = 36 minutes
TOTAL RUNNING TIME = 72 MINUTES TOTAL RUNNING TIME = 72 MINUTES
Contract layover (10%) = 8 minutes Layover for 30-min. headway = 18 minutes
MINIMUM CYCLE TIME = 80 MINUTES AVAILABLE CYCLETIME = 90 MINUTES
Headway = 30 minutes
90 Span of service:
# Vehicles = —— = 3
30 - Peak service hours 6:00 a.m. - 10:30 a.m.
and 1:30 p.m. - 6:30 p.m. weekdays

HI. Other Data
Intermediate time points

Intermediate time points are locations along
the route, between the terminals, that indicate
when the vehicle will be there. The term
“node” is commonly used in computerized
scheduling systems to denote a time point.

Generally speaking, on public timetables,
these intermediate time points, or nodes, are
timed to be between 6 and 10 minutes apart.

In theory, when intermediate time points are
too close together, there is a greater risk that
the operator may arrive early and have to wait
or “dwell” at that point to stay on schedule,
causing passengers to become impatient.

Where are intermediate time points typically
located?

Physical location considerations also affect the
selection of intermediate time points. Major
intersections that are widely recognized and
possess good pedestrian amenities like
sidewalks and actuated traffic signals make
good time points.

It is a good idea to locate intermediate time
points at major trip generator locations such as
shopping centers, hospitals, and government
buildings. Time points are also useful at
locations where time is critical, such as major
employment centers and intersecting bus
routes or rail centers.

Route 32 has four (4) intermediate time points.

N

When time points are
more than 10 minutes
apart, some agencies
believe that customers are
more likely to be
confused about when a
vehicle will arrive at a
particular stop, given the
differences in individual
operator driving habits.

Route 32

(Rio Grande/
Montano)

Comanche/Carlisle

Western Terminal

: Comanche/
Wyoming

Eastern
Terminal (Comanche/

Comanche/
Big Sky)

San Mateo
N 4th/Griegos

() Intermediate time points

@ Terminal time points
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fnternal time points

Internal time points provide more detailed
location and time information. They may
appear on the schedule used by the operator
(sometimes called a run paddle) but not on the
public timetables.

These internal time points, typically spaced
three (3) to five (5) minutes apart, are meant to
serve as a reference for both operators and
supervisors to determine if a particular trip is
running early (hot) or late.

Running time

Running time refers to the number of
scheduled minutes assigned to a revenue
vehicle for moving from one time point
location to the next.

Running times are accurate when they are
sensitive to the varying traffic conditions and
passenger volumes over the course of a service

Too little running time can cause operators to
become frustrated and rushed trying to stay on
time, creating potential safety problems such
as speeding, pushing traffic lights and being
abrupt with passengers.

Too much running time creates unnecessary
travel time for passengers and the inefficient
utilization of equipment and operators. It may
also contribute to operators running early
(hot), which may result in some passengers
missing their trips.

Inaccurate running times also contribute to
missed transfers, schedule reliability
complaints and time-consuming (and
expensive) schedule corrections.

Running time files

Because running times between time points
often vary by time of day or day of the week,
they are often stored in a running time file. In
a typical example of a running time file, the

day. names of time points are listed down the left-
hand column while timing periods are listed
across the top.
ROUTE 32 (Example running time file)
Service Day:  Weekday
Direction: Westbound
Time Early AM. Base School  P.M. Evening  Night
Point AM. Peak Peak
Comanche @ Big Sky - - - - - -
Comanche @ Wyoming 9 9 - 9 9 -
Comanche @ San Mateo 6 6 - 6 6 -
Comanche @ Carlisle 4 4 - 4 4 -
N. 4th @ Griegos 10 10 - 10 10 -
Rio Grande @ Montano 7 7 - 7 7 -
TOTAL 36 36 - 36 36 -

Example running time file for Route 32
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Review key points by answering these questions.

1) Cycle time is the number of minutes needed to make a round trip on a route, including layover/
recovery time. True or False

2) Minimum cycle time includes a minimum layover/recovery time generally determined by labor
agreement or agency policy. True or False

3) Maintaining consistent headways may result in a cycle time other than the minimum cycle time.
True or False

4) Cycle time that includes excessive layover/recovery timeiscalled _ __ _ _ __ _ _ cycle time.

5) Write the formula used for computing the number of vehicles needed to operate a route.

6) Which of the following was not listed as a consideration for the scheduler when dealing with
excessive cycle time?

b) to shorten the route
¢) to allow route deviations

d) to facilitate interlining with other routes
7) A “node” is a time point. True or False

8) Major intersections that are widely recognized and possess good pedestrian amenities like sidewalks
and actuated traffic signals make good time points. True or False

9) Internal time points are often found on public timetables. True or False

10) Running time refers to the number of scheduled minutes assigned to a revenue vehicle to move from
one time point location to

11) Match the following:  Too much running time abruptness with passengers

Too little running time unnecessary passenger travel time

12) What does a running time file do?
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Controlling time points

Most schedules are constructed around one or
more controlling time points. Controlling time
points are specific arrival and/or departure
locations that affect one or more trips along
the route.

Specific arrival and/or departure times may
result from the need to be at a certain location
at a certain time, generally because a major
passenger load can be expected. Examples
include schools, major employment centers
and coordinated (timed) transfers between two
revenue service vehicles.

Controlling time points often include the
maximum load point on a route.

Relief points

Relief points are points along the route where
an operator (but not necessarily a vehicle)
begins (and another operator ends) a work shift
or part of a work shift.

Although operators may typically begin their
service day at the garage facility and drive the
revenue vehicle to a starting point along the
route (usually a terminal), many operators
relieve other operators at a point along the
route at a given time and proceed along the
route with that vehicle.

This typically occurs when the total number of
hours that a revenue service vehicle operates
in a given workday exceeds the time that a
single operator can work.

Relief points are locations where one operator
relieves another operator and continues in
revenue service with that vehicle.
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Timed transfer considerations

Coordinating passenger transfers between
revenue vehicles operating on different
routes may require those vehicles to
converge at a common transfer location at
the same time.

Passengers can then leave the first vehicle
and transfer to the next vehicle for a
continuing trip on another route (as in point
A to B below).

Route2 pP————————
|

commonl
transfer ||
location

Timed transfers require that vehicles converge
upon a common location so that passengers
can depart one vehicle to board another.

For Route 32, the western terminal is
considered the central transfer point for the
system.

Therefore, arrival times need to be timed in
order to accommodate passenger transfers
from Route 32 to other routes.

N

Route 32 :

Comanche/Carlisle

Comanche/
Wyoming

Comanche/
San Mateo

h
N 4th/Griegos (Comanche/

Big Sky)

Western Terminal

CENTRAL (Rio Grande/

TRANSFER Montano)
POINT

For Route 32, the western terminal is the
central transfer point where passengers can
transfer to other routes.

Eastern Terminal
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IV. Master Schedule Development

The next step in the process is to build
individual trips into a master schedule for the
route. The master schedule depicts all trips
made on that route. Different master
schedules typically cover weekdays, Saturdays
and/or Sundays and/or holidays for a given
route.

Format

Master schedules are built utilizing a format
that lists the trips either vertically or
horizontally. Vertical listing of trips will be
used for Route 32.

Abbreviations

Time points are often abbreviated into
standard three or four digit codes. Most
computerized scheduling systems require
abbreviations. Route 32 time points will be
abbreviated as follows:

CBS Comanche @ Big Sky
cow Comanche @ Wyoming
CSM Comanche @ San Mateo
CcOoC Comanche @ Carlisle
4GR N. 4th @ Griegos

RGM Rio Grande @ Montano

Building a base headway

As previously noted, Route 32 is intended to
operate a 30-minute headway during peak

hours only (approximately 6:00 a.m. - 10:30
a.m. and 1:30 p.m. - 6:30 p.m.). No off-peak
or evening trips are needed. Three vehicles
will be used.

Which trips will be built first, westbound or
eastbound?

A number of factors can influence the
initiation of trip building by direction. In the
case of Route 32, the western terminal is
considered the central transfer point for the
system. Since Route 32 trips need to converge
on the western (outer) terminal at specific
times to facilitate timed transfers, westbound
trips will be generated first.

How are departure times for the trips
determined?

Typically, selected routes converge on a
transfer center at about the same time. Since
other routes in the system converge on the
western terminal (the central transfer location)
at :02 and :32 past the hour, trips on Route 32
should also converge there at :02 and :32 past
the hour.

Since the running time for westbound trips has
been established at 36 minutes, the first trip
leaving the eastern terminal must leave at 6:26
a.m. to arrive 36 minutes later at 7:02 a.m.
(Remember, no service before 6:00am based
on the service span specification).

36 minutes
running The first westbound
time . trip can leave the

10
6:45

6:55 Comanche/ Corg'anche/ 6:33
First trip arrivesat 7 . Carlisle ¢, Mateo COmManche/ 626
western terminal at N4t/ COC Wyoming o
:02 past the hour Griegos CcCow Eastern Termina
TR0 aGR (Comanche/
' 7:02 Big Sky)
‘ CBS
Western Terminal
(Rio Grande/ TCI:REA':\IT:FAE:
M?{r&ti,r‘]o) POINT The first westbound A.M. trip would leave at 6:26 in order to

arrive at the western terminal 36 minutes later at 7:02

eastern terminal at
9  :26 minutes past the
hour (6:26)
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The remaining westbound trips, as seen below,

are now generated as the master schedule for
Route 32 continues to build with westbound
A.M. trips. The times for each time point are
derived from the running times file presented
earlier, and the intent to maintain a 30-minute
headway.

Since Route 32 is operating a 30-minute
headway, the next westbound trip (2W) has to
depart the eastern terminal (CBS) at

(fill in the time).

Route 32 - Westbound

Weekday
Trip No. CBS COw CSM COC 4GR RGM
W 6:26 6:35 6:41 6:45 6:55 7:02
2W 6:56 7:05 7:11 7:15 7:25 7:32
3w 7:26 7:35 7:41 7:45 7:55 8:02
4w 7:56 8:05 8:11 8:15 8:25 8:32
5w 8:26 8:35 8:41 8:45 8:55 9:02
6w 8:56 9:05 9:11 9:15 9:25 9:32
7W 9:26 9:35 9:41 9:45 9:55 10:02
8W 9:56 10:05 10:11 10:15 10:25 10:32

The P.M. westbound weekday trips are built next. Again, the P.M. service plan is to operate from
approximately 1:30 p.m. until 6:30 p.m. The first P.M. trip, 9W, must leave the eastern terminal at 1:26
to arrive at the western terminal at 2:02. The last trip, 18W, is scheduled to arrive at RGM at 6:32.

Continue building the master schedule by completing the times for the remaining P.M.
westbound trips. (Answers are on the next page.)

9w 1:26 1:35 1:41 1:45 1:55 2:02
10W
11w
12W
13W
14W
15W
16W
17W
18W 6:32



Chapter 2/ TRIP GENERATION Page 27
e e

Route 32 - Westbound
Weekday
Trip No. CBS cow CSM CcoC 4GR RGM
[A%% 6:26 6:35 6:41 6:45 6:55 7:02
2W 6:56 7:05 7:11 7:15 7:25 7:32
3w 7:26 7:35 7:41 7:45 7:55 8:02
4w 7:56 8:05 8:11 8:15 8:25 8:32
5w 8:26 8:35 8:41 8:45 8:55 9:02
6w 8:56 9:05 9:11 9:15 9:25 9:32
7W 9:26 9:35 9:41 9:45 9:55 10:02
8w 9:56 10:05 10:11 10:15 10:25 10:32
IWw 1:26 1:35 1:41 1:45 1:55 2:02
10W 1:56 2:05 2:11 2:15 2:25 2:32
11w 2:26 2:35 2:41 2:45 2:55 3:02
12W 2:56 3:05 3:1 3:15 3:25 3:32
13W 3:26 3:35 3:41 3:45 3:55 4:02
14W 3:56 4:05 4:11 4:15 4:25 4:32
15W 4:26 4:35 4:41 4:45 4:55 5:02
16W 4:56 5:05 5:11 5:15 5:25 5:32
17W 5:26 5:35 5:41 5:45 5:55 6:02
18W 5:56 6:05 6:11 6:15 6:25 6:32
Now that westbound trips are scheduled, how layover/recovery must be built into the
are the eastbound trips added? schedule per round trip.
Building the eastbound weekday trips on It has been arbitrarily determined by the
Route 32 follows much the same process, agency that 8 minutes will be taken at the
except that layover/recovery time has yet to be western terminal (RGM) and 10 minutes will
allocated. In this case, the 18 minutes of be taken at the eastern terminal (CBS).

CBS
10 minutes
layover/recovery

8 minutes layover/ time allocated here

recovery time
RGM allocated here

8 minutes of layover/recovery time is to be taken at the western terminal (RGM)
and 10 minutes at the eastern terminal (CBS).
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Eastbound weekday trips for Route 32 Route 32 - Weatbound
Weekday
. . >

When does the first eastbound trip start: —_ as cow  em e wm wom
. . . 1w 6:26 6:35 6:41 6:45 6:55 7:02
Schedulers often think in terms of “tying” or @ e s s s
" . ” . . 3w 7:26 7:35 74 7:45 7:55 8:02
hOOk|ng trIpS together. In th|5 case, they aw 7:56 8:05 811 8:15 8:25 8:32
might see if the vehicle already scheduled to SV S A A
make the first westbound trip (TW at 6:26) o e 93 o s oS5 100
. . 8w 9:56 10:05 1011 10:15 10:25 10:32

could make an eastbound trip first.

The scheduler determines that 6:10 must be
the starting time for 1E by subtracting out the
10 minutes the vehicle is at CBS for layover
and by subtracting out the 36 minute running
time it will take to get to CBS from RGM.

The first eastbound trip (1E) preceding 1TW
would have to leave eastbound well before the
planned 6:00 a.m. span of service. However,
(1E) could start eastbound at 6:10 a.m. and
make the second westbound trip (2W), which
leaves CBS at 6:56, ) as illustrated below.

> 7

@ The
running .
timeis36 ——o 0 2W is scheduled to
minutes depart CBS westbound
4 at 6:56 after a 10
@ minute layover.
This leaves an

available departure
time for 1E of 6:10

(From 6:56, subtract 6:46 TEaStgrnl
the 10 minutes it ermina
laid over at CBS and Comanche/
subtract another 36 Big Sky
minutes for thek 6:10 CBS
running time it takes : i .
to getgio CBS from Western Terminal la (1)3e':‘/'r':":t:5er
RGM (total 46 (Rio Grande/Montano) Y Y
minutes). 1E's RGM
departure time 8 minutes layover/
would be 6:10. recovery

The eastbound trip schedule then proceeds in much the same way, maintaining a 30-minute headway
and providing 10-minute layovers at CBS and 8-minute layovers at RGM.

| ]

Complete the partial schedule below for intermediate time points for eastbound trips 2E and 3E. Hint:
remember the 30-minute headways. (Answers can be found on the following page.) .
Route 32 -Eastbound o how the order of 1 .

ote how the order of time °

Weekday points changes with direction of .

travel (now eastbound) .

[ ]

Trip No. RGM 4GR cocC CSM cow CBS .
L

[ ]

1E 6:10 6:17 6:27 6:31 6:37 6:46 .

®

2E 6:40 7:16 )

3E 7:10 7:46 .

([ FEN NN NENNNNNNNENNNNNENN NN N NN NN NN NN NN NN NN NN N NN NN NN NN NN NN NN
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Route 32 - Eastbound
Weekday
Trip No. RGM 4GR COC CSM COwW CBS
1E 6:10 6:17 6:27 6:31 6:37 6:46
2E 6:40 6:47 6:57 7:01 7:07 7:16
3E 7:10 717 7:27 7:31 7:37 7:46
4E 7:40 7:47 7:57 8:01 8:07 8:16
5E 8:10 8:17 8:27 8:31 8:37 8:46
6E 8:40 8:47 8:57 9:01 9:07 9:16
7E 9:10 9:17 9:27 9:31 9:37 9:46
8E 9:40 9:47 9:57 10:01 10:07 10:16

No A.M. trip 9E is scheduled because it would arrive at CBS at 10:56
— 26 minutes past the 10:30 span of service plan.

When does the first P.M. eastbound trip start?

The agency planned for P.M. service to start
around 1:30 p.m. for Route 32 and run until Route 32 - Westbound
approximately 6:30 p.m. The P.M. westbound Weekday
schedule (shown reduc‘ed at right) shgws the i No. s cow csm coc R wom
first P.M. westbound trip (9W) departing at
1:26 and 10W departing at 1:56. @ 9w 126(B) 135 1:41 1:45 1:55 2:02
ow © 1:56 2:05 2:11 2:15 2:25 2:32
. N . nw 2:26@ 2:35 2:41 2:45 2:55 3:02
Subtracting 46 minutes (10 minutes layover 12w 256 305 301 3115 325 332
H H H H H 13w 3:26 335 34 3:45 3:55 4:.02
and 36‘m|nutes running t‘lme) frgm elthgr time o e o o P g P
results in an eastbound trip leaving earlier than 15w 426 435 41 a5 4355 s:02
. . . 16W 4:56 5:05 511 5:15 5:25 5:32
the 1:30 service plan. Therefore, the first "y e i o o v o
“hook” would come with a P.M. eastbound 18w 5156 6:05 61 615 625 6:32
vehicle preceding 11W which leaves CBS at

2:26@ as shown below.

runnin
4 11W is scheduled to

N
time is 36
minutes \ depart CBS westbound
4 at 2:26 aftera 10
6 minute layover.

®

This leaves an
available departure

time for 9E of 1:40 COW
(From 2:26, subtract 2:16 TEastgrnI
the 10 minutes it ermina
laid over at CBS and Comanche/
subtract another 36 . Big Sky
minutes for the 140 8 minutes layover/ CBS .
running time it takes ’ recovery 10 minutes
to get to CBS from Western Terminal layover/recovery
RGM (total 46 (Rio Grande/Montano)
minutes). 9E's RGM

departure time
would then be 1:40
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The P.M. eastbound trip schedule then proceeds in much the same way, maintaining a 30-minute
headway, until the last P.M. trip arrives at CBS at 5:46.

0000000000000 0000000000000 000000000000C06OC0COCOROGOIOIOIOOIOIOINOIONOONONONORNOONOOY
[ ] ®
e  Complete the partial schedule below for intermediate time points for eastbound trips 10E through 18E. e
s (Answers can be found on the following page.) .
. .
L ] [ ]
. Route 32 -Eastbound .
[ ]

. Weekday .
[ ] [ ]
® L ]
® [ ]
: Trip No. RGM 4GR cocC CSM cow CBS .
[ ] [ ]
. 1E 6:10 6:17 6:27 6:31 6:37 6:46 .
: 2E 6:40 6:47 6:57 7:01 7:07 7:16 :
: 3E 7:10 7:17 7:27 7:31 7:37 7:46 :
o 4E 7:40 7:47 7:57 8:01 8:07 8:16 °
L] [ ]
. 5E 8:10 8:17 8:27 8:31 8:37 8:46 .
. 6 8:40 8:47 8:57 9:01 9:07 9:16 .
. 7E 9:10 9:17 9:27 9:31 9:37 9:46 .
S 8E 9:40 9:47 9:57 10:01 10:07 10:16 :
L] [ ]
[ ] ®
: 9E 1:40 1:47 1:57 2:01 2:07 2:16 :
. 10E 2:10 2:46 °
® ®
) 11E 2:40 3:16 )
. 12E 3:10 3:46 .
. 13E 3:40 4:16 .
: 14E 4:10 4:46 .
: 15E 4:40 5:16 :
. 16E 5:10 5:46 ®
® [ ]
® [ ]
:.C...‘C..................‘...C.......C....................:
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Route 32 -Eastbound
Weekday

Trip No. RGM 4GR COC CSM CcCoOw CBS
1E 6:10 6:17 6:27 6:31 6:37 6:46
2E 6:40 6:47 6:57 7:01 7:07 7:16
3E 7:10 717 7:27 7:31 7:37 7:46
4E 7:40 7:47 7:57 8:01 8:07 8:16
5E 8:10 8:17 8:27 8:31 8:37 8:46
6E 8:40 8:47 8:57 9:01 9:07 9:16
7E 9:10 9:17 9:27 9:31 9:37 9:46
8E 9:40 9:47 9:57 10:01 10:07 10:16
9E 1:40 1:47 1:57 2:01 2:07 2:16
10E 2:10 2:17 2:27 2:31 2:37 2:46
11E 2:40 2:47 2:57 3:01 3:07 3:16
12E 3:10 3:17 3:27 3:31 3:37 3:46
13E 3:40 3:47 3:57 4:01 4:07 4:16
14E 4:10 4:17 4:27 4:31 4:37 4:46
15E 4:40 4:47 4:57 5:01 5:07 5:16
16E 5:10 5:17 5:27 5:31 5:37 5:46

How are trips in all directions combined onto
one master schedule?

The typical convention for combining trips in
both directions onto a master schedule begins
with displaying time point locations
horizontally along the top of the schedule (in
each direction) with columns underneath.
Trip numbers and times are also displayed
horizontally.

For Route 32 shown on the next page,
westbound trips are shown on the left-hand
side and eastbound trips are show on the right-
hand side of the black vertical divider.

Now that all the trips are shown on the master
schedule, how are vehicles assigned to make
the trip?

Blocking is the process of assigning trip's to
vehicles (see Chapter 3).

During an effective blocking process, trips are
hooked together and assigned to a vehicle in
the most logical and efficient manner possible.
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[ ]

- Completed master schedule for Route 32

A4 4 e:b -4 Q:b 4 b
@ <® F&/ @ & & L o
&«é‘%"\ SIS S (TS 5
A YL G IR S ILILERD
6:26| 6:35| 6:41| 6:45 | 6:55
6:56| 7:05| 7:11 | 7:15 | 7:25 : : : 6:31 | 6:37 | 6:46
726 735 | 7:41 | 7:45 | 7:55 b : : X 7:01 | 7:.07 | 7:16
756 | 8:05| 811 | 8:15 | 8:25 5 : : : 731 | 7:37 | 746
8:26| 8:35| 841 | 845 | 855 b : : : 8:01 | 8:07| 8:16
856 9:05| 911 | 9115 | 9:25 i i i : 8:31| 837 | 846
9:26 | 9:35| 9:41 | 9:45 | 9:55 i : : i 9:01 | 9:07 | 9:16
9:56 {10:05 | 10:11 [10:15 [{10:25 i i i i 9:31 | 9:37 | 9:46

10:01 [10:07 {10:16
126 1:35| 1:41| 1:45 | 1:55

156 205| 2111 | 2:15 | 2:25 : : 2:01 | 2:07 | 2:16
2:26 | 2:35| 2:41 | 2:45 | 2:55 . : 2:31 | 2.37 | 246
2:56 | 3:05| 3:11| 3:15 | 3:25 : : 301 | 3:07] 3:16
3261 3:35| 341 | 3:45 | 3:55 : : ; : 331 | 3:37 | 346
356 4:05] 4:11 | 4:15 | 4:25 : : : 4:01 | 4:07 | 4:16
4:26 | 4:35| 4:41| 4:45 | 4:55 : : : 4:31 | 4:37 | 4:46
4:56 | 5:05| 5:11 | 5:15 | 6:25 : : 5:01 | 5:07 | 5:16

426 | 4:35| 4:41 | 445 | 455 N i 531 | 5:37 | 5:46
556 | 6:05| 6:11 | 6:15 | 6:25
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1)

2)

3)

4)

5)

6)

7

Review key points by answering these questions.

Specific arrival and/or departure locations that affect one or more trips along the route are called...
a) Intermediate time points ¢) Nodes

b) Controlling time points d) Relief points

Timed transfers require that vehicles converge upon a common location so that passengers can depart
one vehicle to board another vehicle making trips on a different route. True or False

The same master schedule generally covers weekday, Saturday, Sunday and holiday service. True or
False

Times for each time point are derived fromthe _ _ _ __ __ __ _ _ file.
Schedulers often think in terms of tying or hooking trips together. True or False
is the process of assigning trips to vehicles.

In the example below, complete trips 1W, 2W and 3W using the running times file at right below.

Trip# ABC  DEF  GHI JKL
Time point  A.M.

W 6:36

2W  6:58 ABC

3w 7:30 DEF 9
GHI 6
JKL 7
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Study Objectives

1) Learn that blocking is the process of developing vehicle assignments.
2) Know why blocking is important.

3) Understand that agency work rules and policy regarding layover/recovery time, layover locations
and interlining are necessary for proceeding with the blocking process.

4) Remember the definitions of (and difference between) layover and recovery time.
5) Learn that interlining allows one vehicle to operate trips on more than one route.
6) Understand why interlining is done.
7) Be able to block a simple schedule.
8) Be able to complete a blocking sheet for a simple schedule.
9) Be able to recognize a four digit blocking numbering convention.
10) Learn the block/trip number notation for noting block numbers on a master schedule.
11) Learn what “hooking” trips ‘together means.
12) Learn the relationship between cost and the amount of recovery time built into a schedule.

13) Remember the simple formula for computing the number of vehicles needed to maintain a given
level of service with a consistent headway.

14) Learn the benefits of maintaining slightly excessive layover/recovery time.

15) Understand why some inconsistencies will occur in headways, particularly during certain times of
the day.

16) Be able to recognize and complete a block summary recap sheet.

17) Be able to graph blocks, given the appropriate trip information.
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Introduction
What is “blocking”?

Blocking is the process of developing vehicle
assignments.

These assignments, or blocks, describe a series
of trips that are “hooked” together and
assigned to a single vehicle.

The vehicle trips that are linked together as
part of the block may cover more than one
route and may also involve more than one
operator during the course of the vehicle
workday.

However, the block refers to the work
assignment for only a single vehicle for a
single service workday.

A block is the work assignment for a single
vehicle during a service work day.

Why is blocking important?

Blocking is a critical element in
the scheduling process because
it serves as the basis for both
the costs associated with
operating the revenue service
vehicle as well as influencing
the cost associated with work
assignments for operators.

Setting up the blocking process

Before blocking can begin, the scheduler must
have a completed master schedule for each
route to be blocked.

Chapter 3/ BLOCKING

The scheduler must also be thoroughly
knowledgeable of all applicable company
work rules related to blocking.

Three agency policies that have great impact
on the blocking process are

e Layover and recovery time,
¢ Layover locations, and
e Interlining.

A thorough knowledge of work rules related
to the runcutting process (assigning work to
operators, see Chapter 4) will also help to
optimize the efficiency of the blocking
process.

Layover and recovery time

Layover and recovery are “out-of-service”
time allowances allocated to a vehicle at a
certain location or locations along the route,
generally at a terminal location.

(“In-service” time is when the vehicle is in
revenue service, transporting passengers.)

Layover time is rest or “break” time allocated
to the operator somewhere along the line,
usually at a terminal location at the end of a
trip. The minimum amount of layover time is
usually determined by labor agreement or
agency policy.

Layover time is often considered time due to
the operator, like a break during an office or
factory job.

Recovery time can be thought of as “buffer”
break time built into the schedule. It may or
may not be used by the operator. If the
vehicle is behind schedule, it can often catch
up to the schedule by not taking any of (or just
a portion of) the scheduled recovery time.
Recovery time also provides the operator
additional time to change headsigns, make
trip sheet entries or perform other duties.

Recovery time is distinct from layover time,
although they are often taken together at the
same location. Unlike layover time, recovery
time is typically considered agency time and
is allocated at the discretion of the agency.
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About layover and recovery policy

Layover and recovery policy may be
determined by labor agreement, practice or
agency standards. For optimal blocking, itis
important to know whether the layover/
recovery policy represents a guideline that can
be adjusted to optimize blocks, or is a hard
and fast rule which must be followed even if it
impacts blocking efficiency.

Often, layover time is required by contract, but
recovery time can be adjusted depending on
time of day and blocking needs.

One commonly used policy requires a
minimum layover and recovery time of 10% of
the total round trip running time.

Layover locations

Many agencies have, by practice or work
rules, limited the locations where layover and
recovery can be taken. For example, on radial
routes serving a congested downtown area,
layover is often taken at the outer ends of the
route only.

Layover is often taken at the outer end(s) of a
route serving a congested downtown area.

In some cases, layover is required on both
ends of a route depending on the length of the
route and the location of the terminals.

Layover and recovery must be taken in a safe
location where a vehicle can stand still
without impeding traffic. Layover and
recovery is generally taken at the end of the
line (terminal) where it will inconvenience the
fewest passengers. However, it may also be
assigned at key transfer points such as rail
stations.

00—

Interlining
What is interlining again?

Interlining assigns a vehicle to operate trips on
more than one route.

Interlining is sometimes done to optimize
blocking, however, it is also done as a
convenience to the passengers.

For example, if many passenger trips that
originate on one route are destined for a
location or locations on a second route that
shares a common terminal location with the
first route, interlining will allow those
passengers to reach their destination without
transferring to another vehicle.

Routetomr — — — — — — !

| |
| I

— =g l—gl! |

P m = — _ .l _=
common
terminal
! focation

! ! Route 14

Interlining allows the use of the same vehicle
on more than one route or line.

Vehicles may typically travel between one
route and another only once or only
occasionally during the service day. For
example, a vehicle may provide peak service
on one route and then begin providing midday
service on another route.

More complex interlining may involve a block
that alternates between routes throughout the
entire service day. These complex interlines
generally occur at a common terminal point or
points.

Transit agencies often have policies regarding
the amount of interlining that can occur and

where interlining can be scheduled.

Policy knowledge is a must.
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Review key pointé by answering these questions.

1) Blocking is the process of developing vehicle assignments. True or False
2) A block may refer to more than one vehicle. True or False

3) Blocking is a critical element in the scheduling process because it influences both the costs
associated with vehicle assignments and the cost associated with operator assignments.
True or False

4) It is not necessary to have a completed master schedule for a route for blocking to begin.
True or False

5) A thorough knowledge of work rules related to the runcutting process will also help to optimize
the efficiency of the blocking process. True or False

certain location or locations along the route, generally at a terminal point.

6) and are out-of-service time allowances allocated to a vehicle at a

7) Recovery time is distinct from layover time, although they are often combined. True or False

8) Often, time is required by contract, but time can be adjusted
depending on time of day and blocking needs.

9) Match the following:
Layover time considered time due the operator
Recovery time generally allocated at the discretion of the agency
buffer time

labor agreement

10) On radial routes serving a congested downtown, layover is often taken...
a) at outer ends ¢) in western locations

b) at inner ends d) none of the above

assigns a vehicle to operate trips on more than one route.
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Il. Basic Blocking Exercise
In preparing for blocking, the scheduler typically needs the following information:

Master schedule for route

—_

)
2) Layover/recovery time policy
3) Layover locations
4) Interlining policy
5) Other applicable work rules

This information is provided below for Route 32.

Westbound Eastbound
KA S A 4 v en, o o
,ﬁ%{:\ fé‘cv’::'\\‘\q' @fb*‘c'@'?'& e &“%” o AN Qp‘?g‘?’ @'Zi@@ é‘%“q ré‘i‘:\
o 0&“*0 ORI EN &2 < SO -@9 ISEVLEEY 06‘\\0 &0
XA X/ P YA Y Y /A A

6:26 | 6:35| 6:41 | 6:45 | 6:55 | 7:02

6:56 | 7:.05| 7:11 | 745 | 725 | 7:32 6:17 | 6:27 | 6:31 | 6:37 | 6:46

726 | 7:35| 741 | 745 | 7:55 | 8:02 6:47 | 6:57 | 7.01 | 7:07 | 7:16

7:56 | 8:05| 8:11 | 815 | 825 | 8:32 717 | 727 | 7331 | 7:37 | 7:46

8:26 | 8:35] 841 845 | 855 | 9:02 7:47 | 7:567 | 801 | 8:.07| 8:16

8:56 | 9:05| 9:11| 9:15 | 9:25 | 9:32 8:17 | 8:27 | 8:31 | 837 | 846

9:26 | 9:35| 9:41 | 9:45 | 9:55 {10:02 8:47 | 857 | 901 | 9:07 | 9:16

9:56 | 10:05 | 10:11 | 10:15 |10:25 |10:32 9:17 | 9:27 | 931 | 9:37 | 9:46
9:47 | 9:57 110:01 [ 10:07 |10:16

1:26 | 1:35| 1:41 | 1:45 | 1:55 | 2:02

1:56 | 2:05| 2:11 | 215 | 2:256 | 2:32 1:47 | 1:57 | 2:01 | 2:07 | 2:16

2:26 | 2:35| 2:41| 245 | 265 | 3:02 2:17 | 2227  2:31 | 2:37 | 2:46

2:56 | 3:05| 3:11| 3:15 | 3:25 | 3:32 2:47 | 2,57 | 3:.01 | 3:07 | 3:16

3:26 | 3:35| 3:41 | 345 | 3:55 | 4:02 3117 | 3:27 { 3:31 | 3:37 | 3:46

3:56 | 4:05| 4:11 | 4:15 | 425 | 4:32 3:47 | 357 | 401 | 407 | 4:16

4:26 | 4:35| 4:41| 445 | 455 | 5:02 4:17 | 427 | 4:31 | 4:.37 | 446

4:56 | 5:05| 511} 5115 | 5:25 | 5:32 4:47 | 457 | 501 | 5:07 | 5:16

4:26 | 4:35| 4:41 | 4:.45 | 455 | 5:02 5117 | 5:27 | 531 5:37 | 546

5:56 | 6:05 6:11{ 6:15 | 6:25 | 6:32

Master schedule for Route 32
Layover/recovery time policy:
Minimum Layover/Recovery Time Allowance Table
ROUND TRIP RUNNING TIME MINIMUM

(excluding layover/recovery time) LAYOVER/RECOVERY TIME % OF RUNNING TIME
Up to 60 minutes 0 - 6 minutes 10%
61 to 120 minutes 6 - 12 minutes 10%
121 to 180 minutes 12 - 18 minutes 10%

Layover/recovery time may be taken at either terminal and may be divided between terminals.

Layover locations: Both the western and eastern terminals.

Interlining policy:

Work rules: No restrictions apply.

Because only one route is being blocked, no interlining will take place.

Page 41
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Some notes about the master schedule for Route 32

This schedule is based on a company policy of a 30-minute headway. This means that a vehicle is
scheduled to come by any given location on the route every 30 minutes.

Western Terminal
(Rio Grande/
Montano)

Eastern Terminal
{Comanche/
Big Sky)

With this schedule on Route 32, A.M.
WEEKDAY service begins at the western
terminal at 6:10 a.m. and ends again at
same location at 10:32 a.m. No service is
available on this route again until 1:26
p.m. when it begins at the eastern terminal
and ends at the western terminal at 6:32
p.m.

A blocking sheet is often used to track blocks as they are created. A sample blocking sheet is shown on

the next page.

Pull-out

Pull-in

Pull-out refers to the time that a revenue
service vehicle is scheduled to leave the
vehicle storage facility and travel to the point
on the route where revenue service begins.

For Route 32, the pull-out times are listed on
the Pull-out and Pull-in Allowance table

shown below.

Conversely, pull-in refers to the time the
revenue service vehicle is scheduled to pull-in
to the vehicle storage facility after completing
revenue service.

For Route 32, pull-in times are also shown
below.

Route 32 Pull-out and Pull-in Allowances

Terminal Pull-out Pull-in
Comanche & Weekday 10 Weekday 10
Big Sky Saturday No Svc. Saturday No Svc.
Sunday No Svc. Sunday No Svc.
Rio Grande & Weekday :10 Weekday :10
Montano Saturday No Svc. Saturday No. Svc.
Sunday No Svc. Sunday No. Svc.
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BLOCKING SHEET

Route #: 32 Special Instructions:
Service: WEEKDAYS 18 minutes is available for layover and/or
recovery per round trip. OK to split the
Date: 10/20/XX layover and/or recovery between ends of
the line.
Scheduler: BWN
Westbound Eastbound
Block |Pull-| Trip| Depart | Arrive fﬁv:;ﬁz'ﬁp Trip| Depart Arrive fcﬁv:élxatbtlﬁp Pull-
No. |out | # | Eastern | Western (Arrival + # | Western Eastern | (Arrival + in
Terminal | Terminal Layover) Terminal | Terminal | Layover)
Comanche/ | Rio Grande/ Rio Grande/ Comanche/
Big Sky Montano Montano Big Sky
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Block numbering conventions

Transit agencies use a variety of numbering 3201

conventions for blocks. Many agencies use
four digit numbers, where the first two digits

are the route number and the second two digits . .
are the block number. Using this convention  Firsttwo digits Second two digits
for Route 32, the first block would be 3201. signify route number signify block number

Layover/recovery allowance table
How much layover/recovery time should I use on this route?

The layover policy allocates layover/recovery time as a minimum percentage of the round trip running
time.

Example Layover/Recovery Time Allowance Table

ROUND TRIP RUNNING TIME MINIMUM
(excluding layover/recovery time) LAYOVER/RECOVERY TIME % OF RUNNING TIME
Up To 60 minutes Q- 6 minutes 10%
61 to 120 minutes 6 - 12 minutes 10%
121 to 180 minutes 2= 18 minutes 10%

The layover/recovery allowance table indicates that for a round trip running time of up to 120 minutes,
a minimum of 10% of the running time is required for layover/recovery. 72 minutes x 10% = 7.2,
rounded up to 8 minutes. However, this agency has determined that operating a consistent and fixed
30-minute headway results in 18 minutes of layover/recovery per round trip (see Chapter 2/ Trip
Generation). Eight minutes will be assigned at the western terminal (Rio Grande & Montano) and 10
minutes will be assigned at the eastern terminal (Comanche & Big Sky).

The blocking process

The first block, 3201, pulls-out from the garage and travels without passengers (deadheads) to the
western terminal and begins passenger service from there at 6:10. 3201 arrives at the eastern
terminal at 6:46. With the required 10 minutes layover/recovery time at the eastern terminal, 3201
would be available for its next trip at 6:56 (6:46 plus 10 minutes).

The next westbound trip on the master schedule leaves Comanche & Big Sky at 6:56. @This will be
the next trip for block 3201.

Westbound Eastbound
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It is helpful to note the trip numbers for each block on a copy of the master schedule for the route to
help ensure that all trips are blocked. For Route 32 below, the block will be the first number (3201-
01) and the trip will be the second number (3201-01). 3201-02 is the second trip for block 3201.

Westbound Eastbound
ko v " % 4 )
@ <@ K./ @ ) L.
SIS TS S S A

6:26 | 6:35| 6:41 | 6:45 | 6:55
3201-02 6:56 |—7:05-—FH 17451725 B:27—6:31-1—6:37
726 7.35| 741 7:45 | 7:55 6:57 | 7:.01 | 7:07
7561 8:05| 811 | 815 | 8:25 7:27 | 7:31 | 7:37
8:26 | 8:35| 8:41 | 8:45 | 855 7:57 | 8:.01 | 8:07
856 | 9:05| 9:11 | 9:15 | 9:25 8:27 | 8:31 | 837
9:26 | 9:35| 9:41 | 9:45 | 9:55 8:57 | 9:01 | 9:07
9:56 [10:05 | 10:11 | 10:15 |10:25 9:27 | 9:31 | 9:37
9:57 |10:01 {10:07

126 | 1:35| 141 1:.45 | 1:55

The blocking sheet

The blocking sheet is a tool to help the scheduler document the trip start and end times associated
with each vehicle.

BLOCKING SHEET
Route #: 32 Special Instructions:
Service:  WEEKDAYS 18 minutes is available for layover and/or
. recovery per round trip. OK to split the
Date: 10/20/XX layover and/or recovery between ends of
the line.
Scheduler: BWN
Westbound Eastbound
Block |Pull-| Trip| Depart | Arrive | (Avalable  |Trip| Depart | Arrive | fornextiip | Pull
No. out | # Eastern | Western (Arrival + # | Western East_ern (Arrival + in
Terminal | Terminal Layover) Terminal | Terminal | Layover)
Comanche/ | Rio Grande/ Rio Grande/ Comanche/
Big Sky Montano Montano Big Sky
3201 6:00 01 6:10 6:46 6:56
3201 02 6:56 7:32 7:40
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Chapter 3/ BLOCKING

The blocking process continues with hooking more trips on to 3201. Diagramming the hooks (colored
pencils are a helpful tool) facilitates the process. Note that trip 3201-02 starts from Comanche & Big
Sky at 6:56 and ends at Rio Grande & Montano at 7:32. After a layover from 7:32 to 7:40 (8 minutes),

block 3201 begins trip 03 at 7:40, and so on until trip 3201-06 is completed at 10:32.

3201-02

3201-04

3201-06

Westbound

Eastbound

B s %
‘\Q' o) (] ]
SIS
PN YLD
6:37-—6:46® 3201-01
7:07 | 7:16
737 | 746
8:071—8:16e 3201-03
8:37 | 8:46
9:07 | 9:16
9:37 1946 3201-05
10:07 | 10:16
2:07 | 2116

After 10:32 a.m., there are no additional hooks for 3201. If this block were to stay in service on this
route, it would have to wait at the terminal until 1:40 p.m. Since this is not practical and the block will
not be interlined onto another route, the vehicle operating this block will return to the garage. The
blocking sheet below summarizes the information for the additional trips on block 3201.

BLOCKING SHEET
: 2 . .
Route # 3 Special Instructions:
Service: WEEKDAYS . . .
e 18 minutes is available for layover and/or
recover ip. i
Date: 10/20/XX ecovery per round trip. OK to split the
layover and/or recovery between ends of
the line.
Scheduler: BWN e line
Westbound Eastbound
. . i : . Availab!
Block |Pull-| Trip| Depart | Arrive fcﬁ"f;'xatbt'ﬁp Trip| Depart Arrive | or nexttrip | Pull-
No. |out | # | Eastern | Western | (Arrival + # | Western | Eastern | (Arival+ | jn
Terminal | Terminal Layover) Terminal | Terminal | Layover)
Comanche/ | Rio Grande/ Rio Grande/ | Comanche/
Big Sky Montano Montano Big Sky
3201 | 6:00 01 6:10 6:46 6:56
3201 02 6:56 7:32 7:40 03 7:40 8:16 8:26
3201 04 8:26 9:02 9:10 05 9:10 9:46 9:56
3201 06 9:56 10:32 10:42
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Completing the A.M. blocks

Blocking 3202 continues in the same way, beginning with the 6:40 trip (3202-01) from the western
terminal at Rio Grande & Montano and ending with the 9:40 trip (3202-05) to Comanche & Big Sky,
arriving at 10:16.

00 0000000000000 0000080000008 0060COCECGIOSOINOBSILOBSLOILOONINOSINOLOBSOIONONOOBNOIODOSEOOOEDODOSNDS
e N Y oY .
° @ & ¥ o ®
. VIS .
O

. o/ I I .
. 6:26 [ 6:35 [ 6:41] 6:45 .
° 3201-02 6:56 [—7:05 17 tt—7:15 647—6:27—6:3+—6:37 646 3201-01 °
. 3202-02 7:26 —F35+——F4T745 A Fnt— G S50 3202-01 ]
L] 7:56 | 8:05| 8:11| 8:15 717 | 727 | 731 | 7:37 | 746 (]
o 3201-04 8:26[8:35 T84t 845 A7 57 8:6178:671-8:16@ 3201-03 o
: 3202-04 8:56—965 S ++T9:15 S:AF—8:2F—8:341—8:37F 8460 3202-03 :
° 9:26 | 9:35| 9:41 | 945 8:47 | 857 | 9:01 | 9:07 | 9:16 °
. 3201-06 9:56 [ 10:05 10 t1110:15 9:471-0:27 1 9:319:37—9:46e| 3201-05 °
. Qedf——0:8F+H0:0410:07—1046-0  3202-05 o
¢ 1:26 | 1:35| 1:41| 1:45 .
: 1:56 | 2:05| 2:11 | 2:15 1:47 | 1:57 | 2:01 | 2:07 | 2:16 :
L] L]
L] [ ]
[ 4 [ ]
: COMPLETE THE ABOVE SCHEDULE FOR BLOCK 3203, :
o THEN COMPLETE THE BLOCKING SHEET BELOW FOR 3203 .
. (answers are on the next page) .
L ] [ ]

®
» o
» i
q BLOCKING SHEET .
q Route #: 32 . . *
p Special Instructions: )
P .
» Service: WEEKDAYS . . . *
" 18 minutes is available for layover and/or 0
» . B ®
v Date: 10/20/XX recovery per round trip. OK to split the "
p layover and/or recovery between ends of 3
q the line. M
q Scheduler: BWN .
4 o
> Westbound Eastbound o
» (]
» . . i . . Availabl id
o Block |Pull-|Trip| Depart | Arrive fcﬁ":;'ftbt'ﬁp Trip| Depart Arrive | tor nexttrip | Pull- [|o
» No. |out| # | Eastern | Western (Arrival + # | Western Eastern | (Arrival+ in |{°
q Terminal | Terminal Layover) Terminal | Terminal | Layover) .
> Comanche/ | Rio Grande/ Rio Grande/ | Comanche/ o
3 Big Sky Montano Montano Big Sky »

®
P 3201 | 6:00 01 6:10 6:46 6:56 .
) 3201 02 6:56 7:32 7:40 03 7:40 8:16 8:26 o
o 3201 04 8:26 9:02 9:10 05 9:10 9:46 9:56 o
» 06 9:56 10:32 10:42 |le
» L
P 3202 | 6:30 01 6:40 7:16 7:26 .
3202 02 7:26 8:02 8:10 03 8:10 8:46 8:56 o
) 3202 04 8:56 9:32 9:40 05 9:40 10:16 10:26 |lo
4 o
4 o
4 Ld
| 3203 .
4 (d
» o
4 o
4 L
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— Completing the A.M. blocks (answers to the previous page exercise)
Westbound Eastbound
@ b e % g o> 4 s
] 4 X o @ o @ e
S/ S S e o/ ST S8 S
L/ LS LS/ BT & AL Co2
R oIS é@ ¥ et/ P P
3203-01 || 6:26 [—6:35-—6:4—5:45—1—6:55
3201-02 6:56 705 P ttT 7 t5 725 6:17 162631637646 3201-01
3202-02 7:26 —7: 85741745755 . 647657 T 0+ 7077160 3202-01
3203-03 || 7:56 }—8:06-—8+++8:16— 8:2618: Pt F P B —F B —FIF 465 3203-02
3201-04 8:26[1—8:35 841+ 845 8:5519: P47 757 T 8:6178:676:16e 3201-03
3202-04 8:56—9:05—9: 1+ 9:157-9:25 9.3 y 817 8:27 1 8:3+76:37 8460 3202-03
3203-05 |[ 9:26 —0:36——0:43——0:46——0:66—10:02%\ \) 8:40 4757 —B:6+—96+—546%| 3203-04
3201-06 9:56 [ 10:05 T 10:- 1+ 10:15710:2510:32e 9:10 9471 9:27 93+ 9:371946e 3201-05
9:40 H—9:47——9:5710:61-16:6716:160 3202-05
1:26 | 1:35| 1:41 | 1:45 | 1:55 | 2:.02
1:56 | 2:05| 211 | 2:15 | 225 | 2:32 1:40 | 1:47 | 1:57 | 2:.01 | 2:07 | 2:16
BLOCKING SHEET
Route #: 32 . .
Special Instructions:
Service: WEEKDAYS . .
18 minutes is available for layover and/or
Date: 10/20/XX recovery per round trip. OK to split the
layover and/or recovery between ends of
Scheduler: BWN the line.
Westbound Eastbound
: . Available i : Available
Block Pull-| Trip| Depart | Arrive | fornexttrip |17P| Depart Arrive | for next trip | Pull-
No. |out | # | Eastern | Western (Arrival + # | Western Eastern (Arrival + in
Terminal | Terminal Layover) Terminal | Terminal | Layover)
Comanche/ | Rio Grande/ Rio Grande/ | Comanche/
Big Sky Montano Montano Big Sky
3201 6:00 01 6:10 6:46 6:56
3201 02 6:56 7:32 7:40 03 7:40 8:16 8:26
3201 04 8:26 9:02 9:10 05 9:10 9:46 9:56
06 9:56 10:32 10:42
3202 | 6:30 01 6:40 7:16 7:26
3202 02 7:26 8:02 8:10 03 8:10 8:46 8:56
3202 04 8:56 9:32 9:40 05 9:40 10:16 10:26
3203 6:16 01 6:26 7:02 7:10 02 7:10 7:46 7:56
3203 03 7:56 8:32 8:40 04 8:40 9:16 9:26
3203 05 9:26 10:02 10:12
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Some notes about the blocking process
Layover/recovery time allowance

Recovery time should not be viewed as a way
to guarantee that all trips are on time all the
time. This level of guarantee would require
higher operator labor costs and more vehicles
to operate the same level of service.

How is recovery time related to costs?

Excessive recovery time increases the number
of vehicles and operators required to operate a
given service. Again, to calculate the number
of vehicles required to operate a given service,
the following formula can be used:

Cycle time
# Vehicles =

Headway
Cycletime = running time + layover/

recovery time

Headway = time between vehicles
travelling in the same
direction at a given location

Formula for computing the number of vehicles
needed to operate a given service.

For example, if a route has a running time of
54 minutes plus 6 minutes for layover/
recovery and a headway of 10 minutes, then
the formula shows a need for 6 vehicles.

(54 + 6) =60
6 =

10
However, if the layover/recovery time is
increased to 16 minutes, then the number of
needed vehicles increases.

54+ 16)=70

7 =
10
Obviously, a layover/recovery of 6 minutes
versus 16 is more economical in terms of
fewer vehicles and, most likely, fewer
operators.

Is there any benefit to having slightly excessive
layover/recovery time?

As noted in Chapter 2/ Trip Generation, extra
layover time may be assigned when clock
headways are developed as a convenience to
customers. For example, customers know that
vehicles come along every 5, 10 or 30
minutes past the hour. Route 32 provides that
type of service by maintaining a 30-minute
headway.

Also, timed transfers sometime result in the
need for extra layover/recovery time so that
trips arrive and leave at precisely the same
time. Master schedule development and
blocking are often a balance between cost-
effectiveness and responding to customer
service needs.

In cases where excessive layover/recovery
time does exist after a trip, it may be possible
to hook on another trip. These are
opportunities that schedulers continually
evaluate.

In the example of Route 32, two A.M. blocks
begin at the western terminal and one begins
at the eastern terminal. Why?

While initiating the blocking process by
beginning with the first inbound trip to
downtown tends to be a convention, vehicles
are often sent out to both ends of a route to
begin the service day. When peak service is
provided from an outer terminal into a
downtown area, it is more common to send
vehicles primarily to the outer terminal at the
start of A.M. service and to the inner terminal
at the start of P.M. service.

Do many schedules maintain a consistent
headway throughout the day?

Even with schedules that are very consistent
with fixed headways, the last trip or two of the
day is often inconsistent with the headway
pattern for a variety of reasons. One important
reason is the desire to include a slight delay in
the start times of the last trips on a route in
order to allow the maximum number of
passengers the opportunity to catch the final
trip(s).
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COMPLETE THE SCHEDULE NOTATIONS AND BLOCKING SHEET BELOW
FOR THE P.M. BLOCKS OF ROUTE 32
(answers are on the next page)

Westbound Eastbound
4 oY ‘(\0%0 -4 A 4 4 &\Q’%;) 5 o
(S S S /e TS
& S AN £ A S & S oSS0
o PNIS) & Oep sy oV S O/ P
6:26 | 6:35| 6:41| 6:45 | 6:55 | 7:02
6:56 | 7:05| 7:11 | 7:15 | 725 | 7:32 6:17 | 6:27 | 6:31 | 6:37 | 6:46
726 | 7:35| 7:41| 7:.45 | 7:55 | 8:02 ; 6:47 | 657 | 7:.01 | 7:07 | 7:16
7:56 | 8:05| 8:11 | 8:15 | 8:25 | 8:32 : 717 | 7:27 | 731 | 7:37 | 7146
8:26 | 8:35| 8:41 | 845 | 8:55 | 9:02 : 7:47 | 7:57 | 801 | 8:07 | 8:16
8:56 | 9:05| 9:11 | 9:15 | 9:25 | 9:32 > 8:17 | 8:27 | 831 | 8:37 | 8:46
9:26 | 9:35| 9:41 | 945 | 9:55 [10:02 i 8:47 | 857 | 901 | 9:07 | 9:16

9:10 | 9:17 | 8:27 | 9:31 | 9:37 | 9:46
9:40 | 9:47 | 9:57 |10:01 | 10:07 |10:16

3204-01 1:26 —+35—t4t+—+45—1—+55—1-2:628
1:56 ] 2:05| 2:11 1 2115 | 2:25 | 2:32 1:40 | 1:47 | 1:57 { 2:01 | 2:.07 | 2:16
2:26 | 2:35| 2:41 ) 245 | 255 | 3:02 2:10 2471227231+ 2:37-—2:46e 3204-02

3204-03 2:56} 3:05—3: 315 13:25133 2:40 | 2:47 | 257 | 3:01 | 3:07 | 3:16

3:26 | 3:35| 341 | 345} 355 4:03\{% 3117 | 327 | 3:31 | 3:37 | 346

3:56 | 4:05| 4:11| 4:15 | 425 | 4:32 P 3:40 H-3:47—13:571—4:011—4:07——4:16e 3204-04
4:2 : : 4:45 | 4:65 | 5:02 4:10 | 4:17 | 427 | 431 | 4:37 | 4:46
4:56 1 5:05| 511} 5:15 | 5:25 | 5:32 M 4:40 | 4:47 | 457 | 5:01 | 5:.07 | 5:16
5:26 | 5:35| 541 | 5:45 | 555 | 6:02 510 | 5:17 | 5:27 | 5:31 | 5:37 | 5:46
5:56 | 6:05| 6:11 | 6:15 | 6:25 | 6:32

9:56 | 10:05 { 10:11 [10:15 [10:25 [10:32

!
~
[¢%]
om
IS
»
—

|

BLOCKING SHEET
Route #: 32 Special Instructions:
Service:  WEEKDAYS 18 minutes is available for layover and/or
recovery per round trip. OK to split the
Date: 10/20/XX layover and/or recovery between ends of
the line.
Scheduler: BWN
Westbound Eastbound
Block [Pull-|Trip| D t i Available | D t Arri Available
ock |Pu rip epar Arrive for next trip P epar rrive | for nexttrip | Pull-
No. |out| # | Eastern | Western (Arrival + # | Western Eastern (Arrival + in
Terminal | Terminal Layover) Terminal | Terminal | Layover)
Comanche/ | Rio Grande/ Rio Grande/ Comanche/
Big Sky Montano Montano Big Sky
3204 1:16 01 1:26 2:02 2:10 02 2:10 2:46 2:56
3204 03 2:56 3:32 3:40 04 3:40 4:16 4:26
3204 05 06
3204 07 -
3205
3205
3205
3205
3206
3206
3206 L
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Westbound Eastbound
Y g % Y S o 4 A
) 4 XYoo 9 o @ @
0N rz;“%& S o‘i"‘ & s, c?f'}?' S fé‘i’\\‘\q fb“%‘ﬂ
6\@% NS PNESES 2 @08 S K%
P I O/ P NN O/ P/ P9
6:26 | 6:35| 6:41 | 6:45 | 6:55 | 7:02
656 7:05) 711 | 715 | 7225 | 7:32 6:31 | 6:37 | 6:46
726 | 7.35| 741 | 7:45 | 7.55 | 8:02 701 7.07 | 7.16
756 | 8:.05| 8:11 | 8:15 | 825 | 8:32 731 | 7:37 | 746
826! 8:35| 841 8:45 | 855 | 9:.02 8:.01 | 8:.07 | 8:16
8:56 | 9:.05; 11| 915 | 925 | 9:32 8:31 | 8:37 | 8146
9:26 | 9:35| 9:41 | 9:45 | 9:55 |10:02 9:01 | 9:07 | 9:16
9:56 (10:05 [ 10:11 | 10:15 (10:25 |10:32 9:31 | 9:37 | 9:46
10:01 | 10:07 [10:16
3204-01 1:26 H—+:35-—+411—1:45——h55-—2:02
3206-01 [ 1:56/F—2:05—2:+t1—2:15—12:25-2:32¢ 1:40 —t+47F—T+5F12:0+—2:6712460 3205-01
3205-02 | 2:262:35 12411245+ 2557 3:0 2:10 247227 —2:31++—2:371-2:46e 3204-02
3204-03 | [2:56/-8:0518:++13:15--3:25-3:32e\Y 240 |l-2:47 1 2:57 | a3:014 | 3:07 | 3160 3206-02
3206-03 [ 3:26[T 835 T 34t S#5 1T 855 T #4029\ 3:10 |1 347 1 3:27-1-3:31 | 3:37 | 3:460 3205-03
3205-04 3564054t 4154251432 3:40 3471357 1401++—40714:16e 3204-04
3204-05 F.26H—4:35- 41445 4:5515:09& | _4:10 ||~ 17— 4:07- 431 |4:37 14460 3206-04
3206-05 I 4:56T 505 1T 5t 5151525753820 4:40 4471457 T5:011—5:64—15160 3205-05
3205-06 5:26H—5:35- 5415451 5:5516:020 \5:10 f-5:47 1 5:27-5:34| 5:37 | 5:468|  3204-06
3204-07 5:566:056Ht-16:15—"T6:25-6:32e
BLOCKING SHEET
Route #: 32 Special Instructions:
Service: WEEKDAYS 18 minutes is available for layover and/or
) recovery per round trip. OK to split the
Date: 10/20/XX layover and/or recovery between ends of
the line.
Scheduler: BWN
Westbound Eastbound
. . i . . Available
Block [Pull-|Trip| Depart Arrive fcﬁ,v:élxatbtlﬁp Trip| Depart Arrive | gor m:.xt wrip | Pull-
No. |out | # Eastern | Western (Arrival + # | Western Eastt_arn (Arrival + in
Terminal | Terminal Layover) Terminal | Terminal | Layover)
Comanche/ | Rio Grande/ Rio Grande/ Comanche/
Big Sky Montano Montano Big Sky
3204 1:16 01 1:26 2:02 2:10 02 2:10 2:46 2:56
3204 03 2:56 3:32 3:40 04 3:40 4:16 4:26
3204 05 4:26 5:02 5:10 06 5:10 5:46 5:56
3204 07 5:56 6:32 6:42
3205 1:30 01 1:40 2:16 2:26
3205 02 2:26 3:02 3:10 03 3:10 3:46 3:56
3205 04 3:56 4:32 4:40 05 4:40 5:16 5:26
3205 06 5:26 6:02 6:12
3206 1:46 01 1:56 2:32 2:40 02 2:40 3:16 3:26
3206 03 3:26 4:02 4:10 04 4:10 4:46 4:56
3206 05 4:56 5:32 5:42
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Block summary recap

The blocks created for Route 32 can now be further summarized on a block summary recap form as
shown below. This form shows only the first trip and the last trip of each block for the one route.

Platform hours denote the amount of time an operator is scheduled to be behind the wheel of the
vehicle, including Pull-In and Pull-Out times. Pull-In and Pull-Out times are not generally included in
Revenue Service time unless the vehicle is actually available for passenger service during those times.

BLOCK SUMMARY RECAP
Route #: 32 - Griegos-Comanche Special Instructions:
Service: ~ WEEKDAYS 18 minutes is available for layover and/or
Date: 10/27/XX recovery per round trip. OK to split the
layover and/or recovery between ends of
Scheduler: BWN the line.
PULL-OUT | PULL-ON FIRST LAST PULL-OFF PULL-IN
BLOCK | TIME LOCATION REVENUE | REVENUE | LOCATION |TIME
# (Time out) TIME TIME (Time in)
3201 6:00A Rio Grande/ 6:10A 10:32A Rio Grande/ | 10:42A
Montano Montano
Platform Hours 4:42
3202 6:30A Rio Grande/ 6:40A 10:16A Comanche/ 10:26A
Montano Big Sky
Platform Hours 3:56
3203 6:16A Comanche/ 6:26A 10:02A Rio Grande/ | 10:12A
Big Sky Montero
Platform Hours 3:56
3204 1:16P Comanche/ 1:26P 6:32P Rio Grande/ | 6:42P
Big Sky Montano
Platform Hours 5:26
3205 1:30P Rio Grande/ 1:40P 6:02P Rio Grande/ | 6:12P
Montano Montano
Platform Hours _ 4:42
3206 1:46P Comanche/ 1:56P 5:32P Rio Grande/ | 5:42P
Big Sky Montano
Platform Hours 3:56
TOTAL PLATFORM HOURS 26:38
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Graphing the Blocks

Blocks are often displayed graphically to illustrate the time spans that the blocks are in service. Time
spans (in this case, platform time) can be obtained from the block summary recap.

This type of graphic display is especially valuable as a tool for runcutting.

An example of a graphic display of Route 32 is shown below.

4A 5A 6A 7A 8A 9A 10A 11A 12N 1P 2P 3P 4P 5P 6P 7P

BLOCK 3201 '9/}/()/}/////////////////////////////1/%2A

BLOCK 3202 63//()/}////////////////////////1/}//2,6A

BLOCK 3203 6’1/j/}////////////////////////1/%2A

BLOCK 3204 %/}/l)////////////////////////////////////6/22P
BLOCK 3205 1%WWW/212P
BLOCK 3206 J/}}/}///////////////////////}/;zp

4A 5A 6A 7A 8A 9A 10A 11A 12N 1P 2P 3P 4P 5P 6P 7P
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Review key points by answering these questions.

Match the following:
Pull-In The time a vehicle is scheduled to leave the storage facility
Pull-Out The time a vehicle is scheduled to arrive at the storage facility

A Blocking Sheet is often used to track blocks as they are created. True or False
If the 4-digit number below was a numbering convention for blocking, the two numbers on the right
would typically refer to the trip number. True or False
1204
It is helpful to note the trip numbers for each block on a copy of the master sheet for the route to help
ensure that

a) all trips are blocked c) enough recovery time is allowed

b) pull-out time is correct d) blocks are graphically displayed

Recovery time should not be viewed as a way to guarantee that all trips are on time all the time.
True or False

Excessive recovery time increases / decreases the number of vehicles (and sometimes operators)
required to operate a given level of service. (choose one)

Extra recovery time is often given by agencies to produce even (or clock) headways as a
convenience to customers. True or False

In cases where excessive layover time may result after a particular trip, it may be possible to hook on
another trip. True or False

Beginning blocking with the first inbound trip to downtown is considered a convention.
True or False

What is one reason that one or more trips may be planned with an inconsistent headway while most
trips on the route maintain a fixed headway?

Graphic block displays generally depict revenue service vehicle platform hours. True or False
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I————— continuous work ————————|

Start End

I————-l paid break I—————I

Start End Start End

AM BLOCKS

SPLIT RUN

P.M. BLOCKS

3201
6:00am

442
10:42am

3206

1:46pm

256
s:42pm

Report Allowance |:10 320

356
10:12am

3205

1:30pm

4:42
6:12pm

3202
6:30am

Pull-Out Allowance | :23

3204

1:16pm

5:26
6:42pm

Tolal AM
Platform

Revenue Time

Pull-In Allowance
Turn-In Allowance

Report Allowance
Pull-Out Allowance

RUN CUIDE

Revenue Time

SerceDaps: WEENDAYS

Pull Time 20 Prece

Zun TaPece  Twe Pull
No. n O Bloch

Block Boee On Ou

Pull-In Allowance
Turn-In Allowance

301 37 5303 600 (042p 1047s 1206

3201 3 606 616 1012 10174 3205

3207 3R 60460 1036 Y0312 3204

Total Platform & Collaterals
Make-Up Time

Pay Hours

OT Pay

Total Pay Hours

Total P
Platform

M.
14:04

RUN GUIDE - Route 32

Rowe

»
2

2

Tine

on Ou

nep
120p

1oep

Pul Pl Time Pl
1.. fom

Vep s42p 87 838

30y 61p 617p 838

ep sa2p 647 922

Ellective: 10727700
Work

Total Allowance T Over spread
Spexd Repon  tn Hows Time Perulty

Make Pay
Relief Up Haurs

sy 36

(e

27

o 90 o 0 2008 204 T4 3te
Alowance Turn Mie Wok Owr Spesd Fay
Report

In Reliel Up Hours Time Penslly Houn
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Study Objectives

Learn that runcutting is the process of developing operator (driver) assignments.
Be able to recognize the difference between straight runs and split runs.
Remember that swing time is an unpaid break in a split run.

Understand that runcutting is critical because it defines the number of operators ultimately needed
to operate the service reflected in the Master Schedule(s).

Recognize that before cutting runs, a scheduler must have a completed master schedule, blocking
sheet and block summary recap for each route.

Learn the concept, definition and applicability of minimum and maximum platform time.

Learn the concept, definition and applicability of report and turn-in allowances.

Learn the concept, definition and applicability of spread time and spread penalty.

Learn the concept, definition and applicability of run type percentages.

Learn the concept, definition and applicability of make-up time.

Be able to identify the components of a run visualization diagram.

Remember the equation for estimating the number of runs that can be cut from a pool of blocks.
Understand the design and listing order of the chronological block listing.

Be able to give reasons for optimization.

Remember that the Run Guide can be a valuable resource for operator bids as well as provide
useful information for some payroll accounting systems.

Be able to define the purpose of each column in a representative Run Guide.

Given applicable information, be able to cut runs.
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Introduction
What is “runcutting”?

Runcutting is the process of developing
operator (driver) assignments.

These assignments, called “runs” are
assembled or “cut” from the vehicle
assignments (blocks). (See Chapter 3.) Runs
consist of one or more complete or partial
blocks.

These blocks are cut and assembled in such a
way as to create either straight runs or split
(multi-piece) runs.

Straight runs

Straight runs imply continuous work of longer
duration. A straight run generally consists of a
single block piece of work close to eight hours
long or more. A straight run can also consist
of two block pieces with a paid break (usually
under 60 minutes) in between.

l————— continuous work ———————I

Start End

I—————I paid break I—————-l

Start End Start End

Examples of straight runs
Split runs

A split run generally consists of two
(sometimes three) block pieces with an unpaid
break (often called swing time) in between.
The operator is off-duty during the swing.

I-———l unpaid break I————I

Start End (swing)  gyar End

Example of a split run
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Why is runcutting important?

Whereas efficient blocking is important in
terms of vehicle utilization, runcutting is
critical because it defines the number of
operators ultimately needed to operate the
service reflected in the Master Schedule(s).

Schedulers will often have to bring to bear all
their skill and creativity in assigning all of the
block pieces to the fewest number of operator
runs possible.

Runs that adhere to all relevant work rules and
policy guidelines are often called “legal” runs.

Il. Setting up the Runcutting Process

Before beginning the runcutting process, the
scheduler typically gathers a completed master
schedule (Chapter 2), blocking sheet and block
summary recap (Chapter 3) for each route.

Again, the scheduler must also be thoroughly
knowledgeable of all applicable work rules
and agency policies that affect or influence the
runcutting process.

Although a diversity of work rules relating to
scheduling can be found in the transit industry,
five (5) will be exemplified and made
applicable to the runcutting exercise for this
chapter. Again, Route 32 will serve as the
foundation for this section.

The five work rules applicable to the
runcutting exercise for Route 32 are

e Minimum and Maximum Platform Time,

Report and Turn-in Allowances,

Spread Time and Spread Penalty,

Run Type Percentages, and

* Make-up Time.

Each of these areas is covered on the following
pages.
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Minimum and maximum platform time

This work rule defines the minimum and maximum allowable length of each run as measured by
platform time. Again, platform time is the total time during which an operator is scheduled to be
behind the wheel of a vehicle in both revenue and non-revenue service. Another variation of
minimum/maximum rules applies to pay hours. This variation considers the minimum or maximum
amount of time an operator may be paid.

Platform time also includes any “pull-out” and “pull-in” allowance. These allowances, commonly
referred to as “deadhead” times, are non-revenue time assigned for the movement of a revenue vehicle
to the first scheduled stop (pull-out) and from the last scheduled stop back to the garage (pull-in).

At many agencies, block pieces that cannot be assembled into runs of minimum platform are generally
arranged into pieces of work for part-time operators or assigned to the Extra Board (a contingency of
operators who stand by or fill in for other operators).

Work Rule For Route 32, the minimum platform time for a legal
run is 6 hours. The maximum platform time for a
legal run is 9.5 hours.

Report and turn-in allowances

The report allowance is an amount of time paid to an operator, starting when the operator reports for
duty and ending when the pull-out time begins. During this paid time, the operator obtains instructions
and supplies pertinent to the run, locates the assigned vehicle, performs a pre-trip inspection of the
vehicle and tends to any other required duties before taking the vehicle onto the street.

The turn-in allowance is paid time for the operator to report to the dispatcher at the conclusion of the
run (when pull-in time ends) for turning in transfers, receipts, supplies, reports and to tend to any other
required duties after leaving the vehicle.

Work Rule For Route 32, a 10-minute report allowance and a 5-
minute turn-in allowance will apply for each piece of
work.

Spread time and penalty

Spread time is generally defined as the total elapsed time between the first report time and the final turn-
in time of a run. Spread time typically applies to split runs and, depending on the agency, varies
between 10 and 14 hours in duration.

Spread penalty is an amount of pay granted to an operator for all minutes worked over a specified
spread time.

Work Rule For Route 32, the maximum allowed spread time is
13 hours.

The spread penalty will be one half of all minutes
over 11:30 spread time paid at straight time.
Overtime will not be paid on spread minutes.
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Run type and percentages

Many agencies are required to develop a certain percentage of straight runs and/or restrict the number of
split runs. Usually, the restriction on split runs defines a certain percentage of splits that can exceed

given levels of spread times.
For example, an agency may restrict run type and percentages as follows:
* 50% of all runs must be straight.

 Of the remaining 50%, 1/3 must be completed within 12:00 spread, 1/3 must be completed
within 12:30 spread, and no more than 1/3 must be completed within 13:00 spread.

Work Rule For Route 32, 60% of all blocks in revenue service
at 11:00 a.m. must be cut to include a minimum of
one straight run.

Work Rule 1/3 of all split runs must be completed within
12:00 spread time and 1/3 within 12:30. The
remaining 1/3 must be completed within the

maximum allowed spread of 13:00 hours.

Make-up time

Make-up time is payment for time not actually worked by an operator in order that the total paid time
for a run is equal to a minimum daily or weekly guarantee. For example, a run that totals 7:50 including
all platform and report and turn-in allowances will be granted ten minutes of make-up time so that the

total pay equals eight hours for the day.

Work Rule For Route 32, a minimum of 8 hours daily pay is
guaranteed.
Visualization of run components SPLIT RUN
The diagrams on the rlght STRAIGHT RUN Report Allowance | :10
illustrate the typical . Pull-Out Allowance |:23 |
components of straight Report Aflowance | :10 £
. =
and split runs. Pull-Out Allowance | :23 Revenue Time |5:00 g @
$e)
Pull-In Allowance | :21 [ % & E
g Turn-In Allowance |:05 é T
= —x £
E Report Allowance [:10 s @
Revenue Time 655 ‘:‘Z Pull-Out Allowance |:15] & @
o F g
Revenue Time |1:28 g Z
Pull-In Allowance |:13 | £
Pull-In Allowance | :20 Turn-In Allowance | :05
Turn-In Allowance | :05 Total Platform & Collaterals {8:10
) Total Platform & Collaterals }7:53 Make-Up Time {:00
* Overtime pay at this . .
aﬁency is ﬁarf time of Make-Up Time | :07 Pay Houri 8"1 0
all minutes in excess of OT Pay*  :05
8 hours daily. Pay Hours  8:00 Total Pay Hours  8:15
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Review key points by answering these questions.

Match the following:
Runs Vehicle Assignments

Blocks Operator {(driver) Assignments
Which of the following implies continuous work of longer duration... straight runs / split runs.
The break between split runs is paid / unpaid. This break is often called a's_ _ _ _

Runcutting defines the number of operators ultimately needed to operate the service reflected
in the Master Schedule for a route. True or False

________ time is the total time during which an operator is scheduled to be behind the
wheel of a revenue vehicle. As a work rule, this is defined in minimum/maximum terms for

runs.

Match the following:
Report Allowance Time paid an operator for duties prior to pull-out

Turn-In Allowance Time paid an operator after pull-in
SPLIT RUN

110

first report time and the final turn-in time of a run. .23

What is make-up time? 5:00

:21
:05

_
210

15

Identify each segment of the run visualization diagram on the right.

1:28

113
:05

8:10
:00

8:10
:05

8:15
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Work Rule

Minimum Platform Time
Maximum Platform Time
Report Allowance
Turn-In Allowance
Spread Time

Spread Penalty

Run Type Percentages

Make-Up Time

Overtime

Summary of Route 32 Work Rules

Stipulation
Six (6) hours

Nine and one-half (9.5) hours

Ten (10) minutes per pull-out

Five (5) minutes per turn-in

Thirteen (13) hours

1/2 of the minutes over 11:30 @ straight time

Straights Minimum of one (1) from all base vehicles
in revenue service at 11:00 a.m.

Splits 1/3 within 12:00 spread, 1/3 within 12:30
spread, and no more than 1/3 within 13:00 spread

Up to eight (8) daily pay hours

1/2 of the minutes over 8:00 hours daily

Estimating the number of runs

Step 1 in the runcutting process is the
estimation of the number of runs to be cut
from the blocks.

An estimate of the number of runs to be cut
will enable the scheduler to assess, at various
points in the process, if the progression is on
target.

Too few or too many runs may indicate a
missing block or a block that has been
assigned twice. As the number of blocks in
the pool increases, the importance of the
estimate and periodic checks against it
becomes more important.

A common estimation technique consists of
dividing the total platform time contained in
the blocks by a target number of platform
hours to be included in each run.

For Route 32, the expectation is to cut runs
from the block pool that contains
approximately nine (9) platform hours each.

Total Platform Hours

= Estimated Number
Target Platform Hours of Runs

Per Run

Estimation equation for number of runs to be
cut from a block pool.

Applying the above estimation equation to
Route 32 yields the following results:

26:38
(from Block Summary Recap in
Chapter 3)

= 2950r3
9

The estimated number of runs for Route 32 is 3.
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Chronological block listing

Step 2 in the runcut process is often the listing of all of the blocks in such a way that the scheduler can
more easily see that runs are being cut in a manner that confornis to existing work rules. One method
involves listing

all A.M. blocks that pull-out prior to 11:59 a.m. in ascending (earliest to latest) pull-OUT order, and
all P.M. blocks that pull-out after 12:00 noon in ascending pull-IN order.

Listing the blocks in this order also helps facilitate the development of split runs that will conform to
spread time limitations.

In large block pools, a second sort order can be made according to ascending or descending platform
time of blocks with the same pull-out or pull-in time. This secondary sort will facilitate the
development of runs according to the platform requirement.

The chronological block listing format shown below is considered a typical listing “convention.”

CHRONOLOGICAL BLOCK LISTING (FORMAT)

A.M. BLOCKS P.M. BLOCKS
Block Number Platform Time Block Number Platform Time
Pull-Out Time Pull-In Time Pull-Out Time Pull-In Time
Earliest Earliest
to to
Latest Latest

Completing the chronological block listing for Route 32 yields the following table:

CHRONOLOGICAL BLOCK LISTING - ROUTE 32

A.M. BLOCKS P.M. BLOCKS
3201 4:42 3206 3:56
6:00 a.m. 10:42 a.m. 1:46 p.m. 5:42 p.m.
3203 3:56 3205 4:42
6:16 a.m. 10:12 a.m. 1:30 p.m. 6:12 p.m.
3202 3:56 3204 5:26
6:30 a.m. 10:26 a.m. 1:16 p.m. 6:42 p.m.
Total A.M. Total P.M.
Platform 12:34 Platform 14:04
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Observations

With all of the blocks now listed in the
chronological block listing, a number of
observations can be made.

* There are no base (all day) blocks on Route
32.

* The lack of base blocks and the duration of
the swing period (the time between the end
of A.M. service and the beginning of P.M.
service -- 10:42 a.m. to 1:16 p.m.) indicates
that there will be no straight runs on Route
32.

» There is an equal number of A.M. and P.M.
blocks - called piece balance. Piece
balance is critical in assembling all block
pieces into runs with no block pieces left
over.

Chapter 4/ RUNCUTTING

¢ Assuming that all of the block pieces can
be coupled into legal runs, three split runs
can be developed and there will be no
pieces left over.

The possibilities for combining run pieces for
Route 32 are limited. It is important to keep in
mind that when multiple routes are involved, it
is preferable to mix and match the pieces from
the various routes in the most cost-effective
runs possible.

Some agencies or labor agreements stipulate
that each route has to be cut individually and
the mixing of routes in the runs is disallowed.

This restrictive stipulation generally results in a
more costly solution than could be obtained if
all of the routes were pooled for the runcut
(system runcut).

Optimization and the Run Guide

Optimization

In this stage of the runcutting process, the blocks that have been listed on the Chronological Block
Listing are arranged into runs on a form referred to as the Run Guide. The Run Guide records the work
and pay components of the various runs. The run information is recorded in such a way as to facilitate
the scheduler's review of individual runs and the runs collectively.

This review helps the scheduler to determine if the most efficient matching of blocks is occurring.
Reviewing and adjusting is known as “optimization.” During optimization, the scheduler strives to

* achieve the fewest number of runs necessary to provide the desired

level of service,

¢ equalize platform time and pay hours among the runs,

* ensure that runs conform to labor agreements and agency policies,

and

* facilitate the calculation of accurate pay hours.

The greater the number of block pieces that exist, the greater the number of possibilities for creating and

optimizing the runs.
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The Run Guide

A representative Run Guide is shown below.

RUN GUIDE (example format)

RUN GUIDE
Service Days Effective:
Run 1st Piece Time Pull  Pull Time 2nd Piece Time Pull Pull Time Plat- Total Allowance Turn Make Work Over Spread Pay

No. Block Route On Out In Off Block Route On Out In Off form Spread Report In Relief Up Hours Time Penalty Hours

Plat- Allowance Turn Make Work Over Spread Pay

TOTALS
form Report In  Relif Up Hours Time Penalty Hours

In addition to the information on individual runs, the Run Guide also contains spaces to total all of the
various run work and pay hour components. The information contained in the Run Guide can also help
operators when they are given regular opportunities to pick (or bid) the runs that they choose to work.
The order of the bid for available runs by operators is usually based on seniority.

The Run Guide can also provide valuable information for agency payroll/accounting systems.
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2) Complete the equation below.

Total Platform Hours

Target Platform Hours Per Run

Number of

Fill in the blank spaces in the chronological block listing format below.

In the Chronological Block Listing, A.M. blocks that pull-out prior to 11:59 a.m. are listed in
ascending pull ___order. All P.M. blocks that pull-out after 12:00 noon are listed in ascending pull

A.M. BLOCKS

P.M. BLOCKS

Block Number

Platform Time

Block Number

Platform Time

Pull-Out Time

Earliest

Earliest
to
Latest

W

N’
2",
—
9]
Q
o

(=)}
Ry

~J
~

During

True or False

means that there are an equal number of A.M. and P.M. blocks.

A system runcut means that all routes are pooled for the runcut. True or False

to
Latest

the scheduler strives to achieve the fewest number of runs necessary to
provide the desired level of service and equalize platform time and pay hours among the runs.

8) The greater the number of block pieces that exist, the greater the number of possibilities for creating
and optimizing the runs. True or False

9) The Run Guide can provide valuable information for agency payroll/accounting systems.

Review key points by answering these questions.

1) An estimation of the number of runs to be cut will enable the scheduler to assess, at various points in
the process, if the progression is on target. True or False
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HI. Cutting the Runs
The following eight steps are taken in the process of cutting the runs and completing the Run Guide.

1) The required heading information is filled in, consisting of the days of operation and the effective
date of the runs.

2) After referring to the Chronological Block Listing, the earliest (first) A.M. piece is selected and
recorded as the first piece of Run No. 1. Run Guides are generally developed on the basis of
ascending report times within each run type. The Run Guide entry consists of the appropriate run
number, block number, route number, pull-out and pull-in times.

Note:  As determined earlier, there are no straight runs possible on Route 32. Many
agencies list A.M. straight runs first on the Run Guide followed by midday and
P.M. straights and finally the split runs.

CHRONOLOGICAL BLOCK LISTING - ROUTE 32

AM. BLOCKS P.M. BLOCKS
3201 4:42 3206 3:56
6:00 a.m. 10:42 a.m. 1:46 p.m. 5:42 p.m.
3203 3:56 3205 4:42
6:16 a.m. 10:12 am. 1:30 p.m. 6:12 p.m.
3202 3:56 3204 5:26
6:30 a.m. 10:26 a.m. 1:16 p.m. 6:42 p.m.
Total AM. Total P.M.
Platform 12:34 Platform 14:04

RUN GUIDE - Route 32

RUN GUIDE
Service Days: Effectiv
Run 1st Piece Time Pull- Pull- Time 2nd Piece Time Pull- Pull- Time Plat- Total Allowance Turn- Make- Work Over- Spread Pay

No.  Block t in Off Block Route On out in Off form Spread Report in Relief up Hours time Penalty Hours
1 3201 32 600a 1042a

TOTALS Plat- Allowance Turn- Make- Work Over- Spread Pay
form Report in  Relief up Hours time Penalty Hours
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Note: It is good practice to develop a system of checks each time a block piece is
transferred to the Run Guide. The Chronological Block Listing contains
columns for checking off the block pieces each time one is transferred. An “X”
is placed next to A.M. block 3201 to indicate that it has been used.

3) Referring to the Chronological Block Listing, a P.M. piece is selected that fits best with A.M. block
3201. Itis important to keep in mind any spread time stipulations and maximum platform
constraints. Generally, it is good policy to initially select the first P.M. piece that best meets the
spread time stipulations. Since the P.M. pieces have been listed in pull-in order, block 3206 is the
earliest pull-in and is selected as the second piece for Run No. 1. A quick check is made to be
sure that the platform rule has not been violated.

The same information is recorded for block 3206 as was done for 3201. Additionally, the
combined platform time of both pieces is recorded in the Platform column. Block 3206 is now
shown as having been assigned a run.

CHRONOLOGICAL BLOCK LISTING - ROUTE 32

A.M. BLOCKS P.M. BLOCKS

?) 3201 4:42 <}7> 3206 3:56

| 6:00 a.m. 10:42 a.m. | ] 1:46 p.m. 5:42 p.m.
3203 3:56 3205 4:42
6:16 a.m. 10:12 a.m. 1:30 p.m. 6:12 p.m.
3202 3:56 3204 5:26
6:30 a.m. 10:26 a.m. 1:16 p.m. 6:42 p.m.
Total A.M. Total P.M.
Platform 12:34 Platform 14:04

RUN GUIDE - Route 32

RUN GUIDE

Service Days: WEEKDAYS Effective:  10/27/XX
Run 1st Piece Time Pull-  Pull- Time 2nd Piece Time Pull- Pull- Time Plat- Total Allowance Turn- Make- Work Over- Spread Pay
No. Block Route On out in Off Block Route On _out in Off form Spread Report in Relief up Hours time Penalty Hours
1 3201 32 600a 1042a 3206 32 146p 542p 8:38

TOTALS Plat- Allowance Turn- Make- Work Over- Spread Pay

form Report in  Relief up Hours time Penalty Hours
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Cutting the runs (con't)

4) The same process is then followed for the remaining Route 32 blocks.

COMPLETE THE RUNCUT INFORMATION FOR THE REMAINING 2 BLOCKS
OF ROUTE 32
(answers are on the next page)

CHRONOLOGICAL BLOCK LISTING - ROUTE 32

AM. BLOCKS P.M. BLOCKS

3201 4:42 X 3206 3:56

X 6:00 a.m. 10:42 am. 1:46 p.m. 5:42 p.m.
3203 3:56 3205 4:42
6:16 a.m. 10:12 am. 1:30 p.m. 6:12 p.m.
3202 3:56 3204 5:26
6:30 a.m. 10:26 am. 1:16 p.m. 6:42 p.m.
Total A.M. Total P.M.
Platform 12:34 Platform 14:04

RUN GUIDE - Route 32

RUN GUIDE
Service Days: WEEKDAYS Effective:  10/27/XX
Run 1st Piece Time Pull-  Pull- Time 2nd Piece Time Pull- Pull- Time Plat- Total Aflowance Turn- Make- Work Over- Spread Pay
No. Block Route On out in Off Block Route On out in Off form Spread Report in Relief up Hours time Penalty Hours
1 3200 32 600a 1042a 3206 32 146p 542p 8:38
2
3
TOTALS Plat- Allowance Turn- Make- Work Over- Spread Pay

form Report in  Relief up Hours time Penalty Hours
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— Completing the runcuts (answers to the exercise on the previous page)

CHRONOLOGICAL BLOCK LISTING - ROUTE 32

A.M. BLOCKS P.M. BLOCKS
X 3201 4:42 X 3206 3:56
6:00 a.m. 10:42 am. 1:46 p.m. 5:42 p.m.
3203 3:56 3205 4:42
X 6&16am. 10:12 am. X 1:30 p.m. 6:12 p.m.
3202 3:56 3204 5:26
X 6:30 am. 10:26 am. X 1:16 p.m. 6:42 p.m.
Total A.M. Total P.M.
Platform 12:34 Platform 14:04
RUN GUIDE - Route 32
RUN GUIDE
Service Days: WEEKDAYS Effective:  10/27/XX
Run 1st Piece Time Pull-  Pull- Time 2nd Piece Time Pull- Pull- Time Plat- Total Allowance Turn- Make- Work Over- Spread Pay
No. Block Route On out in Off Block Route On out in Off form Spread Report in Relief up Hours time Penalty Hours
1 3201 32 600a 1042a 3206 32 146p 542p 8:38
2 3203 32 616a 1012a 3205 32 130p 612p 8:38
3 3202 32 630a 1026a 3204 32 116p 642p 9:22
TOTALS Plat- Allowance Turn- Make- Work Over- Spread Pay
form Report in  Relief up Hours time Penalty Hours

A review of the runs at this stage reveals that all of the runs are legal in terms of total platform time.
Each run falls between the six (6) hour minimum and the nine and one-half (9 1/2) hour maximum.

5) The next step is to ascertain that the spread time is not going to exceed the maximum allowed and
that the percentages allowed at each spread time interval is not exceeded.

Spread time and percentage recalled from the Work Rule Table:
Spread time limit: 13 hours
Spread percentages: 1/3 of all split runs must be within 12 hour spread, 1/3 must be within
12.5 hour spread and no more than 1/3 must fall within 13 hours spread.

Since Route 32 has produced 3 runs, no more than 1 can fall into the 12.5 spread level and no
more than 1 can fall in the 13 hour spread level.
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Reminder: Spread time is the total elapsed time between the first report time (time on) and the last
turn-in time (time off).

Time on and time off allowances
Spread time does include time on and time off allowances. The report allowance (paid time prior
to pull-out) has been established for Route 32 as 10 minutes. The time off allowance (from pull-in

to the end of operator duties) for Route 32 has been established as 5 minutes.

These times are transferred to the Run Guide. The spread times are then determined.

RUN GUIDE - Route 32

RUN GUIDE

Service Days: WEEKDAYS Effective:  10/27/XX

Run 1st Piece Time Pull-  Pull- Time 2nd Piece Time Pull- Pull Time Plat- Total Allowance Turn- Make- Work Over- Spread Pay
No. Block Route On out in  Off Block Route On out in Off form Spread Report in Relief up Hours time Penalty Hours

1 3201
2 3203 32 606a 616a 1012a 1017a 3205 32 120p 130p 612p 617p 8:38 1211

3 3202 32 620a 630a 1026a 1031a 3204 32 106p 116p 642p 647p 9:22 1227

TOTALS Plat- Allowance Turn- Make- Work Over- Spread Pay
form Report in  Relief up Hours time Penalty Hours

All three runs are within the allowable spread time limit of 13 hours. In fact, none of the runs
have fallen into the longest interval between 12:31 and 13:00 hours. One of the goals of the
scheduler is to strive for the least amount of spread time, primarily for two reasons.

1) When a spread penalty exists (for exceeding spread limits), the least
amount of spread translates into lower labor costs.

2) Operators tend to appreciate runs with the lowest possible spread time.

All three runs are legal in terms of both platform and spread times.
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6) The next step is to complete the costing of the runs as follows:

a) - Total all of the report and turn-in allowances and record them under their respective columns.
Note that split runs have two (10 min. each) report and two (5 min. each) turn-in allowances.

b) Leave the relief column blank because there are no relief allowances for Route 32.
c) Since all runs are in excess of eight (8) hours platform time, no make-up time is necessary.

d) The Platform and Allowances columns are totalled and the sum is recorded in the Work Hours

column.
RUN GUIDE - Route 32
RUN GUIDE
Service Days: WEEKDAYS Effective:  10/27/XX
Run 1st Piece Time Pull-  Pull- Time 2nd Piece Time Pull- Pull- Time Plat- Total Allowance Turn- Make- Work Over- Spread Pay
No. Block Route On out in Off Block Route On out in Off form Spread Repo i R ours time Penalty Hours
1 3201 32 550a 600a 1042p 1047a 3206 32 136p 146p 542p 547p 8:38 11:57
2 3203 32 606a 616a 1012a 1017a 3205 32 120p 130p 612p 617p 8:38 12111
3 3202 32 620a 630a 1026a 1031a 3204 32 106p 116p 642p 647p 9:22  12:2%
TOTALS Plat- Allowance Turn- Make- Work Over- Spread Pay
form Report in  Relief up Hours time Penalty Hours

7) The next columns are the overtime and spread penalty columns. For overtime, “time and a half” is

paid for all daily work hours over 8:00. For spread penalty, one-half of all minutes in excess of
11:30 is paid as straight time. Since only one-half of the excess minutes are recorded in these
columns, the total pay hours calculated is total straight time.

Overtime is any time over 8 hours per day.
Overtime minutes column = (Work hours: 8:00) / 2

Spread penalty is paid for any spread time over 11:30.
Spread penalty minutes column = (Total Spread: 11:30)/ 2

Again, dividing these additional minutes in half and recording the resulting time in the Run Guide
columns for overtime and spread penalty allows simple addition of the work hours with these
times to compute the total Pay Hours, which is then paid at the straight rate.
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Applying the equations for overtime to Run Nos. 1, 2 and 3 yields the following results:

Run Work Hours Limit Excess  Excess (mins) 1/2 of min.=0/T Minutes
1 9:08 8:00 1:08 68 34
2 9:08 8:00 1:08 68 :34
3 9:52 8:00 1:52 112 :56

Applying the equations for spread penalty works much the same way.

un Total Spread Limit Excess  Excess(mins)  1/2 of min.=Spread Penalty

1 11:57 11:30 :27 27 14

2 12:11 11:30 41 41 :21

3 12:27 11:30 57 57 :29

The Run Guide is now updated to include these amounts.
RUN GUIDE - Route 32
RUN GUIDE
Service Days: WEEKDAYS Effective:  10/27/XX
Run 1st Piece Time Pull-  Pull- Time 2nd Piece Time Pull- Pull- Time Plat- Total Allowance Turn- Make- Work Over- Spread Pay
No. Block Route On out in Off Block Route On out in Off form Spread Report in Relief up Hoiifs time Penalty Hours
1 3201 32 550a 600a 1042p 1047a 3206 32 136p 146p 542p 547p 8:38 11:57 :20 110
2 3203 32 606a 616a 1012a 1017a 3205 32 120p 130p 612p 617p 8:38 1211 :20 10
3 3202 32 620a 630a 1026a 1031a 3204 32 106p 116p 642p 647p 9:22  12:27 20 :10
TOTALS Plat- Allowance Turn- Make- Work Over- Spread Pay
form Report in  Relief up Hours time Penalty Hours
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8) The final step in completing the runcutting process for Route 32 is to total the various columns on
the Run Guide and cross check the totals to verify the accuracy of the computations.

RUN GUIDE - Route 32

RUN GUIDE
Service Days: WEEKDAYS Effective: 10/27/,
Run 1st Piece Time Pull-  Pull- Time 2nd Piece Time Pull- Pull- Time Plat- Total Allowance Tum- Make- Work Over- Spread

No. Block Route On out in  Off Block Route On out in Off form Spread Report in Relief up Hours time Penalty [Hours

1 3201 32 550a 600a 1042p 1047a 3206 32 136p 146p 542p 547p 8:38 11:57 :20 10 9:08 34 14
2 3203 32 606a 616a 1012a 1017a 3205 32 120p 130p 612p 617p 8:38 12:11 :20 10 9:08 34 21
3 3202 32 620a 630a 1026a 103ta 3204 32 106p 116p 642p 647p 9:22 12:27 20 10 952 :56 29

26:38 1:00 30 0 0 28:08 2:04 1:04 31:16
TOTALS Plat- Allowance Turn- Make- Work Over- Spread Pay
form Report in  Relief up Hours time Penalty Hours

Verification:

Total Pay Hours for Route 32 runs are 31:16. This total was determined and verified by adding
both the Pay Hour Column vertically and the total Platform, Report Allowance, and Turn-in
Allowance (Work Hours) with the Overtime and Spread Penalty to get the total Pay Hours
horizontally.
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Review key points by answering these questions.

Given the following information, complete the Run Guide below.

Summary of Route 32 Work Rules

Work Rule

Minimum Platform Time
Maximum Platform Time
Report Allowance
Turn-in Allowance
Spread Time

Spread Penalty

Stipulation
Five (5) hours

Ten (10) hours

Ten (10) minutes per pull-out

Five (5) minutes per turn-in

Thirteen (13) hours

1/2 of the minutes over 12:00 @ straight time

Service Days:

Pull- Time 2nd Piece
Block

Run 1st Piece Time Pull-
No. Block Route On out in Off

Time Pull-
Route On  out

Run Type Percentages Straights Minimum of one (1) from all base vehicles
in revenue service at 8:00 a.m.
Splits 1/2 within 11:00 spread, 1/2 within 12:00
Make-up Time Up to eight (8) daily pay hours
Overtime 1/2 of the minutes over 8:00 hours daily
CHRONOLOGICAL BLOCK LISTING - ROUTE 32
AM. BLOCKS P.M. BLOCKS
3201 4:42 3206 3:56
6:00 a.m. 10:42 am. 1:46 p.m. 5:42 p.m.
3203 3:56 3205 4:42
6:16 a.m. 10:12a.m. 1:30 p.m. 6:12 p.m.
3202 3:56 3204 5:26
6:30 a.m. 10:26 a.m. 1:16 p.m. 6:42 p.m.
Total AM. Total P.M.
Platform 12:34 Platform 14:04
RUN GUIDE - Route 32
RUN GUIDE

Effective:

Make- Work Over- Spread Pay
Relief up Hours time Penalty Hours

Pull- Time Plat- Total Allowance Turn-
in Off form Spread Report in

Make- Work Over- Spread Pay
Relief up

Allowance Turn-
Report  in

Plat-
form

Hours time Penalty Hours
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Notes:



CHAPTER 5

ROSTERING

Operators Required and Days Off for 8 Hour Runs:
Number of

Day Daily Runs
Weekdays (M - F} 120
Saturdays 54
Sundays 26
Weekly Total
Total Operators [Weekly total divided by 5 days of work per operator]

Weekday Master RUN GUIDE - Route 32

KUN GUIDE

SuviceDuym  WEEKDAYS Eectves 10727708

Run Tt Plece Al Time IndPece  Time P Adl Tme Pat Yol Allowance Tun Make Work Over Spread Available Days Off
Mo, Block K In Of  Bock Resie On O In Of fom Sprrid Kepod W Kelel Up Howss Time Pendty Hour

Time Rt
oute On Out
3300 31 S50 600s 1043 10472 3206 32 I36p 146 HIp STp B3 MNSF 508 E Mo Tu We Th Fr
303 37 0besiea 10U 1017a 305 32 120p 10p e1p Sp &3 1IN ;< s08 a0 1 1 1 1 1

307 37 6261 1026s 10012 D204 12 106p 1lép 6i3p 6Up w2 27 0 252

No Saturday Runs

No Sunday Runs

Master Day Off List

Tues Wed Ihur
0 0 [}

Day

Sunday
Monday
Tuesday
Wednesday
Thursday
Friday
Saturday

JOTAL
Wed Thur Fr

1/9:56 | 1/9:56 | 1/9:56 = 40 minutes of ovestime paid for the workweek,

2/10:03 2/10:03 | 2/10:03 | 2/10:03

3/117 | 3/01a7 (3/11a7 | 3/1197 OfF

1/9:56 | 2/10:03 OFF OFF 37
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Study Objectives

1) Learn that rostering is the process of grouping daily operator runs into weekly run packages.
2) Remember that weekly rosters combine runs and days off into weekly operator assignments.

3) Understand the basic difference between operator developed (cafeteria style) rostering and agency
developed rostering.

4) Be able to recognize and understand typical constraints for rostering under the cafeteria approach.
5) Be able to cite cost saving potential in each type of rostering approach.

6) Name an advantage of using the cafeteria style rostering approach.

7) Be prepared to explain the process for preparing variations for a particular agency developed roster.

8) Name an advantage of using the agency developed rostering approach.

9) Remember what type of charts are frequently used to present quantifiable information to aid in the
evaluation of the rostering variations.

10) Learn the definition of equivalent straight time hours.
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I. Introduction
What is “rostering”?
Rostering is the process of “grouping” daily operator runs into weekly run packages.
Operators are generally given the opportunity, based on order of seniority, to “pick” (choose) the run
packages they will work for the next interval of time (often called bid period or mark-up period). At
most agencies, mark-ups generally occur 3 or 4 times a year.
These weekly rosters may include mixtures of runs, such as
weekday runs only,
weekday runs and a Saturday run,

weekday runs and a Sunday run,
weekday runs and a Saturday run and a Sunday run.

Weekly run packages or rosters usually consist of five daily 8-hour runs. However, at agencies where
10-hour daily runs exist, the weekly rosters may consist of four daily runs. Where part-time operators
are utilized, the weekly rosters may consist of two, three or four daily runs.

Some agencies even develop rosters with five 10-hour daily runs as a method of reducing the number
of required operators. However, as expected, this rostering practice results in a high level of weekly

overtime.

Rosters will generally remain in effect until the next mark-up.

Weekly Weekly

Roster Pay
No. Su Mo Tu We Th Fr Sa Hours
101 Off 1/8:00 1/8:00 1/8:00 1/8:00 1/8:00 Off 40:00

102 Off 2/8:00 2/8:00 | 2/8:00 2/8:00 Off {51/8:00 | 40:00

103 |62/10:00 | 3/10:00 | 3/10:00 | 3/10:00 Off Off Off 40:00

104 Off Off 4/10:00 | 4/10:00 | 4/10:00 | 4/10:00 Off 40:00

105 | 61/8:00 | 4/8:00 4/8:00 | 4/8:00 4/8:00 Off Off 40:00

Example of a weekly roster
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1. Types of Rostering

Rostering, depending on work rules and agency policy, is performed in one of two ways
* Operator developed (cafeteria style) or
¢ Agency developed.
Operator developed (cafeteria style) rostering
Under the operator developed or cafeteria style of rostering, an operator can choose both specific daily

runs and days off from a master list or lists, just as a customer in a cafeteria line can choose individual
food items that make up a complete food tray.

When it is time to mark-up, the Schedule and/or Operations department(s) posts master lists containing
all weekday, Saturday and Sunday runs, and available days off. The master lists may be the actual Run
Guides for each day or some variation of the Run Guide.

In the example master list(s) shown below, the two digit numbers that begin with “0” indicate that the
runs are weekday (M - F) runs. The two digit numbers that begin with “5” indicate that these runs are
Saturday runs. Those runs that begin with “6” are Sunday runs.

The available days off list displays the total number of days off that may be chosen for each day of the
week.

Master Lists

Weekday Sat Sun

Runs Runs Runs
Run  Platformtime Run Platformtime  Run Platform time
01 - 8:00 51 - 8:15 61 - 9:10
02 - 8:00 52 - 8:21 62 - 9:05
03 - 812 53 - 8:.00
04 - 851

Available Days Off
Su Mo Tu We Th Fr Sa
3 1 1 1 1 1 2

Operator developed rostering allows operators to
combine runs and days off according to work rules.

In addition, a master list of available extra board (relief, standby, etc.) is posted along with a master list
of eligible operators. The operator list generally displays operators in seniority order with the day and
time of their turns to pick listed next to their names. Picking runs and days off can be as simple as
initialling the runs and days off on the master lists.

Schedule and/or Operations department personnel and if applicable, union personnel, generally
“officiate” during the mark-up to ensure that operators pick work according to the seniority list and that
all rules governing the cafeteria roster and mark-up process are adhered to.
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Variants of the cafeteria approach

There are a number of variants under the cafeteria approach, ranging from no restrictions to many
restrictions. Typical constraints for rostering under the cafeteria approach include

o Days off must be consecutive as long as the opportunity to select them
exists.

e Routes cannot be mixed during the work week until such time as the same
route is not available for all work days of the week.

e Run types (straight/split) cannot be mixed until necessary to form full
weekly rosters.

e A certain number of off duty hours (usually 8) must exist between each
daily run.

Cafeteria rostering is generally addressed very specifically in a labor agreement.

Agency developed rostering

Under the agency developed rostering approach, the weekly runs and days off are chosen by the agency
and combined into the weekly rosters (see 101 - 105 below). Operators then pick from the list of
weekly rosters.

The major difference from the operator developed (cafeteria) approach is that with the agency
developed approach, the transit system combines the daily runs and days off before posting. Using the
comparison to the cafeteria line, this means that operators choose from a selection of prepackaged
complete food trays rather than picking the individual food items that make up the food tray.

Each operator,

generally based Weekly Weekly
on seniority, Roster Pay
picks a weekly No. Su Mo Tu We Th Fr Sa Hours
roster from the 101 off | 1/8:00 | 1/8:00 | 1/8:00 | 1/8:00 | 1/8:00 | Off | 40:00
agency

developed roster 102 off | 2/8:00 | 2/8:00 | 2/8:00 | 2/8:00 | Off |51/8:00 | 40:00
package. These 103 |62/10:00 | 3/10:00 | 3/10:00 | 3/10:00 | Off Off off | 40:00

are the runs the
operator will 104 Off Off | 4/10:00 | 4/10:00 | 4/10:00 | 4/10:00 | Off | 40:00
work until the
next mark-up
period.

105 | 61/8:00 | 4/8:00 4/8:00 | 4/8:00 | 4/8:00 Off Off 40:00

Agency developed rosters contain a combination of both runs and
days off. Operators choose from weekly roster numbers.
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Potential cost savings associated with each approach

Operator developed (cafeteria) rostering - cost awareness

In support of the operator developed (cafeteria) approach, many transit systems believe that
operators are more conscientious about the quality of their work when they have additional
control over their work hours and assignments.

In theory, that increased operator conscientiousness could translate into potential costs savings
associated with improved attendance, fewer accidents, reduced worker compensation claims, and

fewer customer complaints.

Agency developed rostering - cost awareness

Many transit systems prefer the agency developed approach because in many cases the pre-
assembled rosters can be developed in a more cost-effective manner.

This is especially true for agencies where a daily guarantee does not have to be paid. In those
cases, the agency can combine large daily runs (over 8 hours) with small daily runs {(under 8
hours) into weekly rosters of 40 pay hours or fewer. Overtime pay (when paid for time worked
over 40 hours in a week) is thus minimized or avoided altogether. (See example below.)

As with runcutting, the more daily runs there are to work with, the greater the opportunity for
enhanced cost-effectiveness in developing the weekly rosters.

The example below demonstrates the potential cost savings for a transit system using the agency
developed rostering approach when daily guarantees are not paid. In this case, one large run
(over 8 hours) can be combined with 4 other daily runs to equal 40 weekly pay hours. No
overtime pay is necessary because the operator does not work over 40 hours per week.

Roster with Roster without
Day daily guarantee daily guarantee
Work Guarantee Pay Work Guarantee Pay
Sunday OFF OFF
Monday OFF OFF
Tuesday 7:50 10 8:00 7:50 :00 7:50
Wednesday 7:50 10 8:00 7:50 :00 7:50
Thursday 7:50 10 8:00 7:50 :00 7:50
Friday 7:50 110 8:00 7:50 :00 7:50
Saturday 8:40 8:40 8:40 :00 8:40
TOTAL 40:00 40 40:40* 40:00 :00 40:00
* 40 minutes of overtime paid for the work week.

Agency developed rosters provide an opportunity to combine daily runs of over 8 hours with daily
runs of under 8 hours so as not to exceed 40 pay hours per week.
This applies only where daily guarantees are not paid.
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Of note:

It is important to note that, in the absence of daily guarantees and overtime, savings are also possible
under the cafeteria approach. However, those savings are typically random and generally do not reach
the potential savings associated with the agency developed rostering approach.

Often, under the cafeteria approach, more senior operators develop their weekly roster to include daily
runs with over 8 hours in order to qualify for weekly overtime pay. Since senior operators usually pick
first during the mark-ups, more junior operators are often left with runs that pay 8 hours or fewer per
work day. As a result, some operators are paid high levels of weekly overtime while less senior
operators are left with rosters that pay 40 hours or fewer.
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1)
2)
3)
4)

5)

6)
)

8)

\O
~

10)

—
—
~—

12)

Review key points by answering these questions.

Rostering is the process of grouping run packages.

Weekly run packages or rosters usually consist of five daily 8 hour runs. True or False
Rosters will generally remain in effect until thenext _ _ _ _ - _ _.
Rostering, depending on work rules and agency policy, is performed in one of two ways...
1. (list type)
2. (list type)

Underthe __ _ _ ___ _ developed (cafeteria) style of rostering, an operator can choose both days off
and specific daily runs from a master list or lists.

During mark-up, operators generally pick work based on their order of seniority. True or False
Which of the following is (are) typical of the constraints applicable to cafeteria rostering?

days off must be consecutive as long as the opportunity to select them exists

run types (straight/split) cannot be mixed until necessary to form full weekly rosters
a certain number of hours (usually 8) must exist between each daily run

all of the above

none of the above

The diagram on the right is an example of an Wekly Weekly

agency developed roster. True or False ol s e | w [ we [ m | e | s | o
10t off 1/8:00 1/8:00 | 1/8:00 1/8:00 | 1/8:00 oOff 40:00
102 off 2/8:00 2/8:00 | 2/8:00 2/8:00 off 51/8:00 | 40:00
103 [62/10:00 | 3/10:00 | 3/10:00 | 3/10:00 Oif off Oif 40:00
104 Off Off 4/10:00 | 4/10:00 | 4/10:00 {4/10:00 | Off 40:00
105 | 61/8:00 | 4/8:00 4/8:00 | 4/8:00 | 4/8:00 Oif off 40:00

The diagram on the right is an example of part of Weckdy o s

the process of developing a cafeteria roster. o e e e

True or False o1 - 800 51 - 815 61 - 910

02 - 800 52 . 821 62 - 905
03 - 812 53 . 800
04 - 851

Available Days Off
Su Mo Tu We Th Fr Sa
3 1 1 1 1 1 2

Name one potential advantage (cost or otherwise) of the cafeteria rostering approach.
Name one potential advantage (cost or otherwise) of the agency developed rostering approach.

Under which approach are more senior operators more likely to include more daily runs which pay
over 8 hours in order to qualify for weekly overtime pay?
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Example: CAFETERIA Rostering Approach
Under the cafeteria rostering approach, operators pick their weekly roster work from the master days off
and daily run lists. These master lists are either the actual Run Guide(s) or derived directly from the Run
Guidel(s).

For Route 32, the master day off and daily run lists originate with the Run Guide developed in
Chapter 4.

The master days off and daily runs for this simple example are shown below

Weekday Master RUN GUIDE - Route 32

RUN GUIDE

Service Days: WEEKDAYS Effective:  10/27/XX
Run 1st Piece Time Pull- Pull- Time 2nd Piece Time Pull- Pull- Time Plat- Total Allowance Turn- Make- Work Over- Spread Pay
No. Block Route On out in Off Block Route On out in Off form Spread Report in Relief up Hours time Penalty Hours
1 3201 32 5502 600a 1042p 1047a 3206 32 136p 146p 542p 547p 8:38 1157 :20 :10 9:08 :34 114 9:56
2 3203 32 606a 616a 1012a 1017a 3205 32 120p 130p 612p 617p 8:38 12:11 20 10 9:08 34 21 10:03
3 3202 32 620a 630a 1026a 1031a 3204 32 106p 116p 642p 647p 9:22 12:27 20 10 9:52 56 29 11:17

No Saturday Runs

No Sunday Runs

Master Day Off List

Sun Mon Tues Wed Thur Fri Sat

3 0 0 0 0 0 3

Because Route 32 operates only on weekdays, available off days are on Saturdays and Sundays only.

The number of available days off is equal to the number of weekday runs that may be picked by
operators. A formula for computing the number of available days off is demonstrated on the following

pages.
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Formula for computing days off and required operators

Operators Required and Days Off for 8-Hour Runs:

Number of Weekly
Day Daily Runs X Total
Weekdays [M - F] 120 5 600
Saturdays 54 1 54
Sundays 26 1 26
Weekly Total 680
Total Operators [Weekly total divided by 5 days of work per operator] 136
Day Off Distribution:
Total Number of Minus Operators off
Operators Daily Runs Each Day
Weekdays [M - F] 136 120 MTW,T,FI 16
Saturdays 136 54 82
Sundays 136 26 110
Total [Weekday x 5 plus Saturday plus Sunday] 272
Check:
Total Off Days Required - [Total Operators x 2 days] 272
Total Off Days Assigned - [Sum of Operators Off Each Day] 272
Leftover Days 0
Operators Required and Days Off for 10-Hour Runs:
Number of Weekly
Day Daily Runs X Total
Weekdays [M - F] 100 5 500
Saturdays 40 1 40
Sundays 40 1 40
Weekly Total 580
Total Operators [Weekly total divided by 4 days of work per operator] 145
Day Off Distribution:
Total Number of Minus Operators off
Opetators Daily Runs Each Day
Weekdays [M - F] 145 100 M, T,W,T,F] 45
Saturdays 145 40 105
Sundays 145 40 105
Total [Weekday x 5 plus Saturday plus Sunday] 435
Check: _
Total Off Days Required - [Total Operators x 3 days] 435
Total Off Days Assigned - [Sum of Operators Off Each Day] 435
Leftover Days 0
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Using Route 32 data, complete the following Summary of Operators Required and Days Off Formula.

(Note: Answers are show below.)

Operators Required and Days Off for 8-Hour Runs:

Number of Weekly
Day Daily Runs X Total
Weekdays [M - F] seoe o oo PO
Saturdays T . T . o o
Sundays e 0 * o o : :
Weekly Total o o
Total Operators [Weekly total divided by 5 days of work per operator] oo
Day Off Distribution:
Total Minus Operators off

Operators Daily Runs Each Day
Weekdays [M - F] oo L M, T,W,T,F] : s
Saturdays : : : : e o
Sundays oo o e o o . .
Total [Weekday x 5 plus Saturday plus Sunday] secoe
Check:
Total Off Days Required - [Total Operators x 2 days] : i :
Total Off Days Assigned - [Sum of Operators Off Each Day] e o
Leftover Days XXX

ANSWERS TO ABOVE

Operators Required and Days Off for 8-Hour Runs:

Number of Weekly

Day Daily Runs X Total
Weekdays [M - F] 3 5 15
Saturdays 0 1 0
Sundays 0 1 0
Weekly Total 15
Total Operators [Weekly total divided by 5 days of work per operator] 3
Day Off Distribution:
Total Minus Operators off

Operators Daily Runs Each Day
Weekdays [M - F] 3 3 MTW,TFl 0
Saturdays 3 0 3
Sundays 3 0 3
Total [Weekday x 5 plus Saturday plus Sunday] 6
Check:
Total Off Days Required - [Total Operators x 2 days] 6
Total Off Days Assigned - [Sum of Operators Off Each Day] 6
Leftover Days 0
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Example: AGENCY DEVELOPED Rostering Approach
As explained earlier, under the agency developed rostering approach, operators pick their weekly roster
work from a master list of weekly rosters. When developing those weekly rosters, it is very common for

the agency to consider several variations before deciding on the final version to post.

As shown before, a common convention for the form used for posting weekly rosters is as follows:

Weekly Weekly

Roster Pay
No. Sun Mon Tue Wed Thur Fri Sat Hours
101 OFF #/XXX | #/X:XX #/X:XX #/ X:XX #/X:XX OFF XX:XX

In the example form convention above, a 100 series number is assigned as the weekly roster number to
help avoid confusion with the numbers used to represent the daily runs. “#” represents the daily run
number under the days of the week columns and “X:XX” represents the pay hours associated with the
run, both in the daily and in the weekly pay hours column.

For variation 1 below, the scheduler quickly assesses that all operators will be off on Saturdays and
Sundays. Daily runs from Route 32 are simply transferred to the Roster below.

ROSTER - Route 32 (variation 1)

Weekly Weekly

Roster Pay
No. Sun Mon Tue Wed Thur Fri Sat Hours
101 OFF 1/9:56 1/9:56 1/9:56 1/9:56 1/9:56 OFF 49:40
102 OFF 2/10:03| 2/10:03| 2/10:03| 2/10:03| 2/10:03 OFF 50:15
103 OFF 3/11:170 3/11:7 ) 3/11:47 0 3/11:17 | 3/11:17 OFF 56:25

These are long and consistent runs. Generally, an agency is reluctant to develop weekly rosters that
contain such high levels of overtime (time over 40 hours weekly) unless there is a compelling reason to
keep the overall number of operators at a minimum.

One argument for longer runs and fewer operators is to reduce the cost of medical premiums, pension
obligations, worker compensation exposure and other costs. However, these savings could potentially
be offset by the increased costs of accidents and absenteeism that may be associated with working

longer hours.

In the example of Route 32, because there are no other runs to work with, few choices exist for
mitigating the high levels of weekly overtime. Variation 2 (presented on the next page) offers one
alternative.
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Example: AGENCY DEVELOPED Rostering Approach (con't)
Under variation 2, the option of creating 4 weekly run packages is explored. Obviously four operators,

not three, would be needed to provide this service. The additional operator will add both direct and
indirect costs that may or may not be offset by savings in overtime. Further evaluation is beneficial.

ROSTER - Route 32 (variation 2)

Weekly Weekly

Roster Pay
No. Sun Mon Tue Wed Thur Fri Sat Hours
101 OFF OFF 1/9:56 1/9:56 1/9:56 1/9:56 OFF 39:44
102 OFF 2/10:03 OFF 2/10:03 | 2/10:03 | 2/10:03 OFF 40:12
103 OFF 3/11:17 (371117 | 3711017 | 3/11:17 OFF OFF 45:08
104 OFF 1/9:56 | 2/10:03 OFF OFF 3/11:17 OFF 31:16

In variation 2 above, weekly roster no. 104 is made up of daily runs from weekly roster numbers 101,
102 and 103 (as they were developed in variation 1). Also, in variation 2, each roster 101 - 103 works 4
days per week instead of 5. The fifth daily run of each variation 1 weekly roster was assigned to 104
above.

However, many agencies believe that it is important for an operator not to switch daily runs too
frequently during the week. These agencies believe that the operator's familiarity with the route
configuration and regular passengers on that run is desirable. With this consideration, some additional
cost may therefore be justified.

Where mixing and matching runs is not a critical consideration, a third variation for Route 32 could
result in more evenly distributed work hours. Variation 3 (below) is an example of that approach.

ROSTER - Route 32 (variation 3)

Weekly Weekly
Roster Pay
No. Sun Mon Tue Wed Thur Fri Sat Hours
oo 0000
101 OFF OFF 1/9:56 1/9:56 2/10:03 2/ 10:03 OFF ° U
00000
L BN BN BN % N J
102 OFF 2/10:03 OFF 2/10:03 1/ 9:56 1/ 9:56 OFF . L
0 0000
® 00000
103 OFF 1/9:56 2/ 10:03 3/11:17 | 3/11:17 OFF OFF o L
. ® 000 00
o000 00
104 OFF 3/11:17 | 3/11:17 OFF OFF 3/11:17 OFF ° °
[ BN BN BN BN BN J

. . . -
° Exercise: Compute the weekly pay hours for the weekly rosters in variation 3 above. .
[ ] ®
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Ill. Evaluating the Agency Developed Roster Variations

Choosing between variations is often somewhat arbitrary. However, cost considerations are extremely
important. Some leniency is often officially or unofficially factored in to accommodate the
considerations mentioned earlier, such as operator run familiarity, consistency of runs worked and
others.

Comparison charts are frequently used to present quantifiable information to aid in the evaluation of the
variations. An example comparison chart for the three variations of agency developed rosters for Route
32 is shown below.

Variation 1 Variation 2 Variation 3
Total pay hours for all weekly rosters 156:20 156:20 156:20
@ Straight time 120:00 151:00 153:47
@ Overtime 36:20 5:20 2:33
Equivalent straight time hours* 174:30 159:00 157:37
Number of operators required 3 4 4

Comparison charts are frequently used to help evaluate quantifiable information.

* Equivalent straight time hours is the sum total of overtime hours multiplied by 1.5 (because overtime is paid at
time and a half) plus regular straight time hours.

Observations about the variations
Variation 1

Variation 1 results in the greatest overall cost in terms of equivalent straight hour pay. However it does
require the fewest number of operators. Fewer operators could result in savings in training costs,
medical premiums, pension contributions, worker compensation exposure and premiums, uniforms and
other related personnel costs. Safety and absenteeism issues may exist since Variation 1 rosters are 5-day
packages consisting of large daily runs.

Variation 2

Variation 2 is less costly than Variation 1 in terms of overall equivalent straight hours. However
Variation 2 requires all the related hiring, training and maintenance costs (and fringe costs) associated
with employing an additional operator.

Variation 3
Variation 3 is the least costly in terms of equivalent straight time hours. However Variation 3 still

requires an additional operator that Variation 1 does not. Agency policy on direct cost, customer
service and contingent costs plays an important role in the decisionmaking process.
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off and daily run lists. True or False

True or False

2) The following form convention is commonly used for posting weekly agency developed rosters.

Review key points by answering these questions.

1) Under the cafeteria rostering approach, operators pick their weekly roster work from the master days

Weekly Weekly

Roster Pay
No. Sun Mon Tue Wed Thur Fri Sat Hours
101 OFF #/XXX | #/ XXX #/X:XX #/X:XX #/ X:XX OFF XX: XX

comparison chart shown below.

ROSTER - Route 32 (variation X)

3) Compute the weekly pay hours in the example below, then complete the column for variation X in the

Total pay hours for all weekly rosters

@ Straight time
@ Overtime

Equivalent straight time hours

Number of operators required

Weekly Weekly
Roster Pay
No. Sun Mon Tue Wed Thur Fri Sat Hours
o e e
101 OFF OFF 1/9:56 1/9:56 1/9:56 1/9:56 OFF cee
[ BN N ]
102 OFF 2/10:03 OFF 2/10:03 | 2/10:03 | 2/10:03 OFF
o 00
[ 3 N )
103 OFF 3/11:17 1 3/11:47 | 3/11:7 | 3/11:17 OFF OFF
s eoe |
104 OFF 1/9:56 | 2/10:03 OFF OFF 3/11:17 OFF eoe
[ 2N N ]
Variation X
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I. Introduction

Responsive schedule making is a dynamic process, evolving along with the ridership trends, service
demands and funding opportunities of the community. As ridership patterns change, schedulers are
often faced with the complex task of making adjustments to schedules while keeping costs as low as
possible. Sound decisions necessarily require timely and accurate information. Historically, a
number of methods have been utilized to provide this information, taking advantage of a wide variety
of data collection and analysis techniques.

Many of the elements of scheduling and schedule adjustments can be performed with the assistance of
commercially available automated scheduling software. Some systems have customized software for
specific scheduling applications. Even general spreadsheet and database software can provide a
valuable resource for schedulers, in particular, for keeping track of data, evaluating alternative
approaches and producing scheduling forms. The “metaphors” or guiding theories behind scheduling
software design, input to output, is typically consistent with the principles covered in the manual
approach.

II. Types of Data

Using various kinds of transit operating data is a fundamental part of effective schedule making. Two
types of data are particularly important for making efficient and effective schedules. They are as
follows:

Passenger traffic data provides information about ridership volumes and distribution necessary
to support decisions about route design and service level issues. Primary passenger traffic
information sources include boardings and alightings by vehicle stop, maximum load data
collected at high volume points along each route and individual trip counts collected by bus
operators, on-board checkers or on-board automatic passenger counters (APCs).

Vehicle running time data provides information needed to determine route cycle time, create
timed transfers and ensure schedule reliability. Primary running time information sources
include scheduled running times, schedule adherence checks, automated vehicle location (AVL)
system data, vehicle stop inventory information, and extended dwell time requirements (e.g.,
time allotted to board wheelchair users, provide for mid-route timed transfers to other routes,
and so forth).

A. Passenger traffic data

Sources for passenger traffic data vary from system to system. Examples of typical passenger
traffic data collected are 1) Boardings/Alightings by Stop, 2) Maximum Load Points and 3)
Trip Counts.

1) Boardings/alightings by stop

Extremely useful to the schedule maker is knowing where and how many passengers board,
alight or ride past particular stops or segments on a route. These data are generally collected
with ride checks. Ride checks involve the systematic placement of people, called checkers,
on revenue vehicles. Checkers record information on stop location, number of passengers
boarding and alighting, number of passengers on the vehicle as it departs each stop and
schedule adherence. Checkers often remain on a particular vehicle for an entire set of trips.
Ride check information can be recorded manually or electronically.



page4 Advanced Chapter 1/ Service Policies and Schedule Development

—

Manual ride check information may be recorded on a form similar to the one shown
below. The information on the form may then be entered into a computer
spreadsheet or database program which allows the scheduler to summarize the data
by direction, time period, route segment, individual trip or total route.

Checkers may also enter their data into small programmable calculators or palmtop
computers. Other systems use APCs which consist of infrared or pressure sensors at
the bus door(s). These sensors, used in conjunction with vehicle locator systems,
automatically record boarding and alighting information which can be subsequently
linked to location. Data are then downloaded into system computers for further
analysis and report generation.

In either case, the ability to access and evaluate the data allows the scheduler much greater
flexibility in maintaining system efficiency. For example, when ridership is low on a
particular route, the scheduler may investigate the possibility of adjusting spacing between
trips, adding or removing vehicles from the line and short-turning trips to adjust service to
meet the demand over the length of the route.

RIDE CHECK FORM
Day: Monday Date: 10/12/xx Weather: Clear & Sunny, 72
Route: 32 Traffic: Light
Direction: Westhound Vehicle #: 8501
Scheduled Trip Start Time: 6:26a Scheduled Trip End Time: 7:04a
Actual Trip Start Time: Actual Trip End Time:
Passengers Time
Stop On Off Lob* Scheduled Actual Variance
1. | Comanche @ Big Sky 6 0 6 6:26a  6:27a -1
2. El Rio 2 0 8 6:27
3. Portola 17 0 13 6:27
4, Louisiana 2 0 19 6:28
5. Davis 3 0 18 6:29
6. Alta 1 1 18 6:31
7. Cordoba 4 0 12z 6:32
8. Denali 6 0 18 6:34
9. | Comanche @ Wyoming 12 1Z 18 6:35 6:35 0

* Left on Board

Example of a partially completed ride check data collection form
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2) Maximum load points (MLPs)

Passenger loading, departing and left-on-board (LOB) data provides a relationship between
passenger loads and location. The location(s) where the number of passengers is greatest is
called the maximum load point (MLP).

Once the MLP for a route has been determined by a ride check, the ongoing verification of
that stop (and the number of passengers on board at that stop) can be confirmed with a point
check (also called load checks) taken at the MLLP. Point checks differ from ride checks
because the checker is stationary at the location and not a rider on the revenue vehicle.

Note:  Point checks can be used to monitor service at any important or active location along a route.
Often, point checks are conducted at locations where routes overlap or intersect. This way,
one checker can record data for more than one route. The point check data are often recorded
on a form similar to the one shown below.

POINT CHECK FORM
Day: Monday Road Surface: Clear
Date: April 1, XXXX Traffic: Moderate
Direction: Westbound Location: 46R-4th & Griegos
Type: Arriving __ leaving
Passengers Time
Route Vehicle # On Board Scheduled Actual Variance

14 8005 38 6:15a 6:18a -3

20 7656 51 6:30 6:32 -1

30 8063 25 6:40 6:44 -4

14 8021 44 6:45 6:49 0

3 8014 16 6:59 6:53 +1

20 7609 2 7:00 7:08 -8

Example of a point check form

In the example shown above, a negative variance is noted when a revenue vehicle passes the
check location late (6:15a scheduled vs. 6:18a actual, recorded as -3). A positive variance is
recorded when a revenue vehicle passes the check point early (6:55a vs. 6:53a, recorded as +2).
Some systems will note the reverse, i.e., a positive variance when a vehicle passes late and a
negative variance when a vehicle passes early.

Boarding/alighting data may also be arranged graphically into a route profile diagram (as shown
on the next page). The route profile is a graph that shows the accumulated load (total number of
passengers on board) at any point along the route on a single trip, multiple trips, a time period or
all day. It may also display total boardings and alightings at each stop. The boardings and
alightings data allow identification of individual stops with significant passenger activity.

The highest point on the graph represents the MLP. Some routes may have more than one MLP.
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Route: XX
Weekday: Tuesday Direction: Westhound
Date: 10/19/XX Service Period: ALL DAY
3000
2500
2000
Maximum
Load
Point (MLP)
1500
On Board
1000 I _
¢ Boarding
»= Alighting
500
Park Park @ Park @ Marta @
Loop Culver Goodman State

StopLocations

3)

Example of a route profile diagram

Passenger trip counts

Passenger trip counts are the total passenger boardings on each one-way trip. Depending on
how the information is collected, it may also show a distribution of passengers by fare type. It
is the least specific form of passenger traffic data because it shows total boardings and not the
distribution of passengers over the entire trip. It can, however, be a good indicator of possible
overcrowding or underutilization of resources and is the simplest, most direct way to determine
ridership growth trends on a particular route.
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B. Vehicle running time data

1) Calculated running times

Calculated running times are used primarily when developing new routes or segments. In these
cases, no actual running time history is usually available. Running times between nodes are
developed in several steps, usually beginning with calculations based on average operating
speed or data collected in an automobile check, which may be followed by simulated operation
using an out-of-service vehicle or training vehicle. A “mileage wheel” may also be used to
calculate distance. This hand-held device is run along a map of the route and factored with the
map distance scale. Applying a speed factor yields route segment running time estimates.

2) Schedule adherence data

Schedule adherence data consists of comparisons between existing scheduled running times
and actual running times measured through field checks. It is useful either to validate the
accuracy of current schedules or to indicate fine tune adjustments that may be required due to
changing traffic conditions, passenger loads or other factors. Schedule adherence data are
usually collected by on-board (ride check) or roadside (point check) field checkers either
manually or electronically. Another method involves the National Transit Database Collection
(formerly called Section 15) random trip samples. The reliability of the data, however,
increases with the number of incidences observed for each trip.

3) Automatic vehicle location (AVL) data

AVL data are available to scheduling personnel in some larger transit systems that have
acquired reliable AVL technology. AVL technology is based on one of several locating
techniques, including “global positioning” (GPS), “dead-reckoning” and “triangulation” or
alternatively, on a network of wayside signpost transponders that communicate with on-board
transmitters to estimate vehicle location and provide a corresponding time stamp. Running
time data are stored temporarily in on-board computer memory and periodically downloaded or
transmitted via radio to a site computer.

4) Vehicle stop inventory

A vehicle stop inventory is a reference document containing information such as the location of
bus stops, the position of stops relative to intersections (near side - this side of intersection, far
side - across the intersection, or mid-block), the distance between stops, the routes that serve
that stop, and a list of street “furniture” (shelters, benches, signs, etc.). The number and
location of vehicle stops along the route directly affects the amount of running time needed to
travel from one time point to another. Often, the following guidelines are used to estimate the
number of stops on a given route segment.

¢ Urban settings: Locate six (6) to eight (8) stops per directional mile, or one every two (2) to
three (3) city blocks.
¢ Suburban settings: Locate four (4) to six (6) stops per mile, depending on the availability of

intersections, continuity of property development, availability of sidewalks,
safe stopping locations and other relevant information.

¢ Rural settings: Posted stops may be infrequent. Flag stops often exist, whereby a passenger
is able to signal the vehicle to stop at a location deemed safe for boarding.

5) Extended dwell requirements

Schedules may need to be adjusted to accommodate timed transfer locations, predicted use of a
wheelchair lift or bicycle rack equipment, and other activities that may require the vehicle to
dwell (stay) at a stop longer than usual.
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II. Data Collection Techniques

A variety of collection techniques have been utilized to obtain passenger traffic and vehicle running
time data. Many of these techniques allow the field checker to collect both types of information at
once. Eight common techniques are presented below.

A. Calculated running time estimates

In cases where field service is proposed, running times are often estimated by projecting average
operating speed or driving the proposed service via automobile. Reliability of the estimates can be
made by simulating the new service alignment utilizing an out-of-service revenue or training
vehicle. Checks can be made to determine if other service alignments overlap the area and running
time files are available. Once new service has begun, monitoring running times for accurancy is a
good idea to evaluate the accuracy of the original estimates.

B. Point checks

Point checks are an effective way to identify passenger loads and schedule adherence of transit
vehicles passing a particular time point(s). The data collected are useful when considering changes

- in headways on relatively high frequency routes, reallocating running time between time points, or
similar schedule fine tuning. The data may be recorded manually on forms or on hand-held data
collection devices.

C. Ride checks

Ride checks provide passenger traffic data by stop and running time for an entire trip or set of trips.
These data are collected by a checker who rides the vehicle and records passenger boardings and
alightings at each stop, as well as on-time performance. The data may be recorded manually on
forms or on hand-held programmable calculators.

D. National Transit Database (NTD) checks (formerly Section 15)

NTD checks are special ride checks designed to collect data on one-way trips which are selected at
random to comply with Federal grant administration requirements. Although otherwise identical to
ride checks, NTD checks are based on random sampling—statistically valid at the system level but
not at the route or trip level. Therefore, this information is best used to supplement other data
collection efforts.

E. Trail checks

Trail checks are usually conducted by supervisors or checkers in company vehicles that follow the
revenue service vehicle in order to observe running times, passenger loading or related issues. The
major benefit of a trail check is that the schedule maker or supervisor can observe actual conditions
on the street without drawing conclusions from data alone. Trail checks are especially benefical for
observing contingent issues such as bus stop conditions and pedestrian access.

F. Farebox and operator counts

Trip counts are collected either with registering fareboxes or denominator button counts taken by
vehicle operators while in revenue service. These counts provide general information on passenger
traffic, such as total passengers per trip and a distribution of passengers by fare type. In some
systems, depending on work rules, operators may also conduct occasional or daily boarding counts.
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G. Automated passenger counters and automated vehicle location

APCs, when included as a component of AVL systems, can provide comprehensive ride check and
running time data faster than manual methods. APCs are often installed on a limited number of
electronically equipped “data buses” that are moved throughout the system to collect data on
specific routes, runs or blocks. APCs generally count passengers using either pulse beams mounted
in the door stepwells or step treadles. APCs can be used without AVL, although the specific
location of each stop and route segmentation can be difficult to ascertain.

H. Operator interviews

Although not always an accurate method of obtaining precise quantitative data, operator interviews
are especially helpful for obtaining information necessary for proper schedule adjustment.
Operators familiar with a route are a valuable source of information on route safety issues, locations
where extended dwell requirements are called for, large volume passenger stops, and transfer needs.

IV. Using Data as a Diagnostic Tool

To maintain schedule reliability and service quality, every schedule, regardless of how well constructed,
will require periodical fine tuning. It is generally considered good practice to revisit new or
substantially revised schedules after 6 to 12 months of operation. Some schedules may require more
timely attention. Cost considerations, passenger complaints and suggestions from operators and
supervisors are factors that may prompt more immediate schedule analysis.

The most desirable way to understand how well a schedule is working is by analyzing ridership and
running time data over as many days as practical and including personal observations in the field
whenever possible. Multi-day analysis helps minimize the chance for improper schedule adjustments
resulting from an evaluation based on an unusual event on that route.

A. Example schedule analysis using Route 32

Recap: Route 32 is a peak-only local bus route that operates a 30-minute headway. No midday service is
provided. A ride check is conducted to determine ridership and running time on all 18 westbound and 16
eastbound trips. This is done by ride checkers on each of the three A.M. and three P.M. blocks. The data are
collected on ride check forms (see earlier example), then transferred into an electronic spreadsheet (see
following example of a partially completed summary spreadsheet).

Route 32 / Westbound
TRIP DEPARTS 6:26a 6:56a
Stop Sched Actual On Off LOB Sched Actual On Off LOB . . Total
Comanche @ Big Sky 6:26a 6:26 2 0 2 6:56a 6:57 1 0 1
El Rio 1 0 3 1T 0 2
Portola 5 0 8 1 0 3
Louisiana 1 0 9 3 0 3
Davis 1 0 10 2 1 4
Alta 0 1 9 1 0 5
Cordoba 1 0 10 3 0 8
Denali 2 0 12 3 0 1M
Wyoming o 1 M 4 1 14
Jones 4 2 13 2 0 16
TOTAL 37 37 O 26 26 0O 192192 0O

Example ride check summary spreadsheet
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1) Compiling and viewing ride check data

The primary reason to compile ride checks into a summary spreadsheet format is to be able to
view, analyze and summarize the data in ways that produce a clear picture of passenger traffic
volumes and distributions. The previous spreadsheet presented passenger traffic data and
schedule variance by trip and summarized total boardings, alightings and LOBs. Viewing
these data by route segment allows the scheduler to see

* Where maximum loads occur (LOB data).

» Whether the number of scheduled trips is appropriate for rider demand.
(Does the average LOB exceed policy?)

» How passenger loading affects running time and on-time performance.
(Does schedule variance increase at high passenger boardings or alightings?)

Viewing these data by time period allows the scheduler to see

» Whether the service span is adequate.
(Do high passenger volumes exist at the beginning or end of a service period?)

» Whether headways are appropriate for ridership volumes at various hours of the day.
(Does the average LOB exceed policy load standards?)

Average schedule variance is a useful method of organizing schedule adherence data
collected over a number of days. It is the total number of minutes ahead or behind schedule
divided by the number of trips checked. Average schedule variance is often used to analyze a
time period, route segment or similarly defined set of trips.

Direction: Westbound
Time Period: A.M. Peak
Number Passengers Average Schedule
Route Segment of Trips On Off LOB Variance
Segment Cumulative
1. CBS to COW 8 76 0 76 -1 -1
2. COWto CSM 8 52 23 105 -1 -2
3. CSMto COC 8 66 47 124 -2 -4
4. COCto 4GR 8 70 72 122 +1 -3
5. 4GR to RGM 8 8 130 0 0 -3
Total 8 272 272 3 -3
Direction: Eastbound
Time Period: A.M. Peak
Number Passengers Average Schedule
Route Segment of Trips On Off LOB Variance
Segment Cumulative
1. RGM to 4GR 8 41 5 36 0 0
2. 4GRto COC 8 28 9 55 0 0
3. COCto CSM 8 47 21 81 -2 -2
4. CSMto COW 8 23 27 77 -1 -3
5. COWto CBS 8 14 91 0 -1 4
Total 8 153 153 4 -4

Example schedule variance summary by route segment - Route 32 A.M. peak east- and westbound
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Direction: Westbound
Time Period: P.M. Peak
Number Passengers Average Schedule
Route Segment of Trips On Off LOB Variance
Segment Cumulative
1. CBSto COW 10 38 1 37 -1 -1
2. COW to CSM 10 34 6 65 0 -1
3. CSMto COC 10 50 39 76 -3 -4
4. COCto 4GR 10 32 41 67 +1 -3
5. 4GRto RGM 10 15 82 0 -1 -4
Total 10 169 169 4 A4
Direction: Eastbound
Time Period: P.M. Peak
Number Passengers Average Schedule
Route Segment of Trips On Off LOB Variance
Segment Cumulative
1. RGMto 4GR 8 161 15 146 0 0
2. 4GRto COC 8 67 30 183 -1 -1
3. COCtoCSM 8 48 52 179 -2 -3
4. CSMto COW 8 16 105 90 0 -3
5. COWto CBS 8 4 94 0 -1 -4
Total 8 296 296 4 A

Example schedule variance summary by route segment - Route 32 P.M. peak east- and westbound

2) Evaluating the data
The schedule maker can make a number of observations from viewing the data in this manner.

e The primary passenger flow is westbound in the morning and eastbound in the
afternoon. Morning peak flow trips average 34 total boardings (272 total boardings
divided by 8 trips), while afternoon trips average 37 boardings (296 total boardings
divided by 8 trips).

»  The segment summary data indicate the central transfer point RGM is a significant trip
generator, meaning that the accuracy of scheduled arrivals and departures at that point
is very important.

*  The MLP occurs between the time points COC and CSM in both directions.

«  Running time allowed in the current schedule is 3 to 4 minutes too little to ensure
100% on-time performance. At least 2 more minutes are required between COC and
CSM. One additional minute is needed between COW and CBS in both directions and
during all time periods. Other adjustments appear to be needed in one direction or the
other as well as in the A.M. or P.M. peak.

« The data on average passenger loads, starting and ending loads and the presence of
significant ridership in both directions suggests that midday service may be justified on
this route. (Many transit systems have guidelines and standards on which to base
increases or decreases in service).
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B. Revising the master schedule for Route 32

1t appears that adjustments to Route 32 are in order. The scheduler intends to adjust running
times and add base service in accordance with the data collected.

1) Adding base service

The agency has decided to add three midday (base) trips in each direction. It has been determined that
these three midday trips will operate on a 1-hour headway. Although the current running times are
tight for the peak periods, they appear to be adequate for the midday or base period when demand is
not as high.

2) Adjusting running times

The chart below illustrates the adjustments made to the running times for Route 32 Revised. The
running time has been increased in both directions during both A.M. and P.M. peak periods.
When running time and cycle time are increased, it is important to ensure that layover
requirements have not been compromised.

ROUTE 32 (Revised running time file) ROUTE 32 (Revised running time file)
Service Day:  Weekday Service Day: ~ Weekday
Direction: Westbound Direction: Eastbound
Time AM. Base PM. Time AM. Base P.M.
Point Peak Peak Point Peak Peak
Comanche @ Big Sky - - - Rio Grande @ Montano - - -
Comanche @ Wyoming 3 10 9 510 N. 4th @ Griegos  # 7 7 77
Comanche @ San Mateo 6 7 6 66 Comanche @ Carlisle 4610 10 6811
Comanche @ Carlisle 4 6 4 47 Comanche @ San Mateo 4 6 4 4 6
N. 4th @ Griegos 109 10 169 Comanche @ Wyoming 6 7 6 66
Rio Grande @ Montano 7 7 7 78 Comanche @ BigSky 910 9 910
TOTAL 3639 36 3640 TOTAL 3640 36 3640

Revised running time file for Route 32
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CHAPTER 1: EXERCISES

#1 Given the new running time file, revise the master schedule below for Route 32. For this exercise, assume trips
starting between 6:00 a.m. and 10:00 a.m. use A.M. peak running times. Trips starting between 10:01 a.m. and
1:00 p.m. use base running times and trips starting after 1:00 p.m. require P.M. peak running times.

The start times for each A M., Base and P.M. trip in each direction are already shown on the schedule. (Answer
on next page)

ROUTE 32 (Revised running time file) ROUTE 32 (Revised running time file)
Service Day:  Weekday Service Day: ~ Weekday
Direction: Westbound Direction: Eastbound
Time AM. Base PM, Time AM. Base PM.
Point Peak Peak Point Peak Peak

- Rio Grande @ Montano -
N. 4th @ Griegos 7
Comanche @ Carlisle 10
Comanche @ San Mateo 6
Comanche @ Wyoming 7
Comanche @ Big Sky 10

Comanche @ Big Sky -
Comanche @ Wyoming 10
Comanche @ San Mateo 7
Comanche @ Carlisle 6

N. 4th @ Griegos 9 10
Rio Grande @ Montano 7

—
R N =S
wmpa‘\l.

oo D

TOTAL 39 36 40 TOTAL 40 36 40

Westbound Eastbound

4

'b<-\%© ((\(\0(6 @ﬁ‘g# @ &
00‘%,9 LSVt oo’\‘\ofz} Al

6:26 7:05
6:56
7:26
7:56
8:26
8:56
9:26
9:56
10:26
11:26
12:26
1:26 2:06
1:56
2:26
2:56
3:26
3:56
4:26
4:56
5:26
5:56 6:36

10:20

11:16

2:20

5:50
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— Revised Master Schedule for Route 32
e o QQ'Z) o v &0 o 5 c‘?Q:" <©a %
AT £ TSNS
ARSI ILVAN LYY LA AN LR
6:10| 6:17 | 6:27 | 6:33 | 6:40 | 6:50
6:40 | 6:47 | 6:57 | 7:03 | 7:10 | 7:20
6:26 | 6:36| 6431 6:49 | 6:58 | 7:05 710 | 717 | 7:27 | 7:33 | 7:40 | 7:50
6:56 | 7:06| 7:13 | 7:19 | 7:28 | 7:35 7:40| 7:47 | 7:57 | 803 | 8:10 | 8:20
726 | 7:36| 743 | 7:49 | 7:58 | 8:05 8:10| 8:17 | 8:27 | 8:33 | 8:40 | 8:50
756 | 8:06; 813 | 8:19 | 8:28 | 8:35 8:40 | 8:47 | 857 | 9:03| 9:10 | 9:20
8:26 | 8:36| 8:43 | 8:49 | 8:58 | 9:05 910 | 917 | 9:27 | 9:33 | 9:40 | 9:50
8:56 | 9:06| 9:13 | 919 | 9:28 | 9:35 9:40 | 9:47 | 9:57 {10:03 [10:10 [ 10:20
9:26 | 9:36 | 9:43 | 949 | 9:58 (10:05
9:56 [10:06 | 10:13 [ 10:19 [10:28 [10:35 10:47 |10:57 [11:01 [ 11:07 [ 11:16
10:26 {10:35 | 10:41 | 10:45 [10:55 |11:02 11:47 |11:57 |12:01 | 12:07 [ 12:15
11:26 {11:35 | 11:41 | 11:45 |11:55 |12:02 12:47 [12:57 | 1:01} 1:07 | 1:16
12:26 | 12:35 | 12:41 | 12:45 |[12:55 | 1:02 140} 1:47 | 1:58 | 2:04 | 2:10 | 2:20
126 | 1:36| 1:42| 1:49 | 1:58 | 2:06 2101 2:17 | 228 | 2:34 1 240 | 2:50
1:56 | 2:06| 212 | 2119 | 2:28 | 2:36 2:40] 2:47 | 2258 | 3:04 | 3:10 | 3:20
2:26 | 2:36 | 242 | 2:49 | 258 | 3:06 3101 3:17 | 3:28 | 3:34 | 340 | 3:50
2:56 1 3:.06| 312 | 319 | 3:28 | 3:36 3:40 | 3:47 | 3:58 | 4:04 4:10 | 4:20
326 | 3:36| 342 | 3:49 | 3:58 | 4:06 410 417 | 428 | 4:34 1 440 | 4:50
356 | 4:.06| 412 | 4:19 | 428 | 4:36 4:40 | 4:47 | 458 | 5:04 | 5;10 | 5:20
4:26 | 4:36 | 442 4:.49 | 458 | 5:06 5:10| 5:17 | 5:28 | 5:34 | 5:40 | 550
4:56 | 5:06| 5:12 ¢ 5:19 | 5:28 | 5:36
5:26 | 5:36| 5:42 1 549 | 5:58 | 6:06
5:56 | 6:06| 6:12 | 6:19 | 6:28 | 6:36

#2 Re-block the revised master schedule for Route 32. The ORIGINAL blocking scheme is shown below as
reference. (Answer on the next page)

Westbound Eastbound
© A A b g v e ¥ o
@ Lo/ S/ @ & o/ & & E& Lo &L
(S S N B (S5 S G ST 8 S S S
Block/Trip# /8% Py e/ ' G0 A L NS AL RS R

3203-01 6:26 —6:35—6:41T—6:45—16:55-17:028
3201-02 6:56 705717157251 732 6:10 +6:47-1—6:241-6:31-1-6:371646e| 3201-01
3202-02 7:26 735 At T—74A5 T 7557 8:0 6:40 64765770+ 707 %160 3202-01
3203-03 | 7:56 1—8:0518:11 | 8:45 | 8:05 | 8:32Q\\ 7:10 +-F4F—F-BF——FB4-—7-871—F462| 3203-02
3201-04 8:26 +8:35 8411845185590 7:40 +7AT 1757 1T8:0+18:678:16%| 3201-03
3202-04 | 8:561+9:05T9:t+ 1815 19:2519:3 8:10 8171 8:27 1 8:31+18:371-8:46°| 3202-03
3203-05 | 9:26 {—9:35+—9:41+—09:451-9:55110:02% 8:40 +—84F—T—B:5F——010+—010F1E 3203-04
3201-06 | 9:56 T10:05 10t 10:15-710:25110:32e 9:10 + 971 9:27 1T 9:3+ 1937946 3201-05

- 9:40 + 947 19:5410:0+10:074-10:160| 3202-05
3204-01 1:26 Tt385 T 1Tt T 145 1T t55 T 2:02R
3206-01 | 1:56- 205 T2t 215 1225 232 1:40 TH47 T 57 20+ 12:0712:160| 3205-01
3205-02 | 2:06 7235 24T 245 [ 255 [ 30 \ 2110 T2t T 227 23t 237 246%| 3204-02
3204-03 | 2:563:05 T 31t 315 325 o.oé\ 2:40 T 247 T 257 3:0+13:673:162| 3206-02
3206-03 | 3:267 335 34T | 345 | 355 4:0;\ 3:10 T-3:1713:273:3+13:3713:460| 3205-03
3205-04 | 3:56 T 405 T 4 tt T 4rt5 T 425743 \ 3:40 347357 T 4011407 T4:16®| 3204-04
3204-05 | 4:26T 435 44t 445 455 o.u& 410 T 417 T427 T 431437174469 3206-04
3206-05 | 4:56 T 505 51T 5715 | 525 b:d:k 4:40 447457 50507 5:160| 3205-05
3205-06 | 5:26T 535 T 54T 545555 6.0 5:10 +5:1715:27 153+ 537546 3204-06
3204-07 | 5:56 T 605 61T 615 [ 6:25 | 6:32®
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% LA S A v
@ g 0, @ © o @ @
S 0/ 58/ &8 N ¥ 5° 30 & )
{é\o%@ é\o S &qﬁ“@‘ @ch\\e\e' S Co&& S (§~'o é\c@e &rzr(‘ @18' @'Z’QZ 6.‘69 @,b(\oéﬁ
S/ PN St e NG 0 &V S E R

6:26 | 6:36 | 6:43 | 6:49 | 6:58 | 7:05
6:56 | 7:.06| 7:13| 7:19 | 7:.28 | 7:35
7:26 | 7:36| 743 | 7:49 | 758 | 8:05
756 | 8:06) 813 | 8:19 | 8:28 | 8:35
8:26 | 8:36| 843 849 | 858 | 9:05
8:56 | 9:06| %13 | 919 | 9:28 | 9:35
9:26 | 9:36 | 9:43 | 9:49 | 9:58 |10:05
9:56 | 10:06 | 10:13 [10:19 [10:28 |10:35
10:26 | 10:35 | 10:41 | 10:45 |10:55 |11:02
11:26 [11:35 { 11:41 | 11:45 |11:55 [12:02
12:26 [12:35 | 12:41 {12:45 [12:55 | 1:02
126 | 1:36| 1:42| 1:49 | 1:.58 | 2:06
1:56 | 2:06| 2:12 | 2:19 | 2:28 | 2:36
2:26 | 2:36| 242 | 249 | 2:58 | 3:06
2:56 | 3:06| 312 | 3:19 | 3:28 | 3:36
326 | 3:36| 342 | 3:49 | 358 | 4:06
3:56 | 4:06| 4:12 | 4:19 | 4:28 | 4:36
4:26 | 4:36 | 4:42 | 4:49 | 4:58 | 5:06
456 | 5:06| 5:12 | 5:19 | 5:28 | 5:36
526 | 5:36| 542 | 5:49 | 558 | 6:06
556 | 6:06| 6:12 | 6:19 | 6:28 | 6:36

10:57 |11:01 | 11:07 | 11:16
11:57 (12:01 [12:07 {12:15
12:57 | 1:.01 | 1:07 | 1:16
1:58 | 2:04 | 2:10 | 2:20
2:28 | 2341 240 | 2:50
2:58 | 3:04 | 3:10| 3:20
3:28 | 3:34| 340 | 3:50
3:58 | 4:.04 | 4:10 | 4:20
4:28 | 4:34 | 4:40 | 4:50
4:58 | 5:04 | 5,10 | 5:20
5:28 | 5:34 | 540 | 5:50

000 0 LA (0 (3 (L0 (3 L L0 L0 (LI (L) L0 L0 LI LD LD L LI LI Lo L)
RO RS R RS R R RO R NI RO N RO R RO I RO RV RO R
ololelololololololololololalololololololols]s)
SRR ANRSNRSRNORNSON R WR—

New blocking configuration for revised Route 32

With the addition of the midday service, the original Route 32 A.M. blocks 3201 and 3202
remain in service and hook into the midday trips. A.M. block 3203 remains a peak only block
with the same start and end times.

Extended blocks 3201 and 3202 (now referred to as base or all day blocks) are shown
continuing into the P.M. peak and hooking into former P.M. blocks 3204 and 3205
respectively. Original P.M. block 3206 still begins and ends at the same times, however is
renumbered as 3204 in the revised Route 32 schedule in order to maintain a pattern of
consecutive block numbering.

Finally, note that since the midday service operates hourly, considerable excess layover exists
at Rio Grande & Montano at the midday hooks.
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CHAPTER 2

TRIP GENERATION
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I. Introduction

A number of factors influence the complexity of a schedule, including the number of vehicles on the
route; changes in the headway between peak, base, evening and night service; route branches; short
turns; timed transfers; changes in the controlling time point(s) and travel direction(s); special trips;
school trippers, interlined trips and agency work rules and stipulations.

To address these and other scheduling considerations, a variety of intermediate and advanced scheduling
techniques are presented in this chapter on trip generation. For illustration, a hypothetical Route 110,
considered a complex local route, will serve as a model. The development of Route 110, along with
newly revised Route 32, will continue as models for subsequent chapters on Blocking (Chapter 3),
Runcutting (Chapter 4) and Rostering (Chapter 5).

The process for trip generation presented in this chapter will generally follow these steps:

°  Understanding how route design relates to service area characteristics
°  Defining route patterns

°  Calculating and optimizing cycle time

° Investigating branch interlining

°  Drafting a route diagram

© Calculating running times and number of vehicles

°  Determining and transitioning between controlling time points

©  Pull-on and pull-off points and strategies

©  Optimizing

°  Developing the master schedule

II. Route Design and the Master Schedule

Service Area  The functional role of Route 110 is to connect several miles of residential
neighborhoods and subdivisions that stretch along the main road (Clayton) at the
eastern end of the service area, with numerous local commercial destinations, a
commuter rail station and a community college campus (DVC), all of which are
concentrated in the western end of the service area.

Both a high school and a middle school are located in the eastern neighborhoods.
However, there is no strong commercial anchor to serve as the eastern terminal, making
looping through these major subdivisions the most apparent option. The three
neighborhood areas (and their branch definition) are

1) Kirker Pass (K),
2) Pine Hollow (P), and
3) Marsh Creek (M).

The commuter rail station (CON) is located mid-route. The community college
campus (DVC) is the logical choice for western terminus, at which transfers to other
routes are possible.
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CON .
( . ) Kirker Pass
Rail
Station (K)
Neighborhood
(DVQC) Pine Hollow Marsh Creek
Community (P) (M)
College Neighborhood Circle
Service area planned for Route 110
Service Route 110 has substantial peak period ridership potential due primarily to the large
Design number of neighborhood commuters needing to access the rail station before 7:30
Guidance a.m. Service on the trunk is therefore planned to operate every 10 minutes during
peak hours, every 20 minutes during off-peak hours and every 30 minutes at night.
Up to three branches may be used to serve the residential subdivisions at the eastern
end of the route.
I1. Route Pattern

As complexities are planned into a new or restructured route, the scheduler is challenged to create a
route pattern which ensures that vehicle hours and miles are distributed as effectively as possible. The
Route 110 pattern above defines how each of the three planned branches will be served. Passengers
tend to be better served when the pattern generates predictable “through-service connections” in both
directions.

Before beginning the trip building process, the scheduler must decide which vehicles from the trunk line
will operate over which branch. Based on the available information, the preliminary decision is made to
alternate the trips evenly across the three branches.

IV. Optimizing Cycle Time

When the branches are of different lengths and running times, the scheduler can investigate the option
of hooking long and short trips together to achieve more balanced cycle times. Otherwise, a vehicle
making two long trips could result in maximum cycle time while a vehicle making two shorter trips
could lead to minimum cycle time.

For example: When route branches are of unequal length, the following combination of trips may help
balance the cycle time:

First vehicle: Trunk + Long Branch + Trunk + Short Branch
Second vehicle: Trunk + Short Branch + Trunk + Long Branch

Other strategies could also optimize cycle time, such as combining all short trips together as well as
combining all long trips together to produce more efficent blocks.
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V. Branch Interlining

Branch interlining is often employed as an alternative to one-way looping through residential areas in
order to “end” a route. In many cases, two route branches that serve adjacent residential neighborhoods
can be interlined through a common outer time point. This means that the outbound trip of one branch
is hooked to the inbound trip of another branch, rather than turned back on itself (on the same branch) at

the terminal time point.

4
Trips #1, 3, 5, etc. gi

Trips #2, 4, 6, etc. I
-+
4—]

L]

Lo

original route alignment

added route alignment to
accomplish branch interlining

Route branches using one-way
terminating loop operation

Route branches using branch interlining

Interlining the two branches creates a single, larger loop serving both directions on most segments of the
branches. This has three distinct advantages when considered for Route 110.

1) It tends to balance the running times required to maintain service on each branch.

2) Operating vehicles in both directions along the same neighborhood streets
provides opportunities for local circulation within the neighborhoods.
Independent one-way loops would not provide that opportunity.

3) It allows for more efficient spacing of vehicles. Turning buses back at an
arbitrary point and following the same route back to the trunk line would not
provide that opportunity.

The area covered by the eastern segment of Route 110 is dominated by residential subdivisions linked
by minor arterials and collector streets. There is little commercial development or other land use

conducive to vehicle layovers.

Interlining outbound K and inbound P trips, and outbound P and inbound K trips generates effective
internal circulation between adjacent residential subdivisions. This linkage is particularly useful to
students attending the middle and high schools located along the Pine Hollow branch.

Branch interlining appears to be an effective way to handle two of the three neighborhoods at the
eastern end of Route 110.
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VI. Using Route Diagrams

Many schedulers find it useful to create a diagram of the trunk and branches of
complex routes. This usually helps when laying out the time points in the master schedule.

Sample route diagrams of Route 110 in the eastbound and westbound directions are provided below.

Eastbound Concord @
| l((C|r|léle)3 Pass
Rai
CoN) 5
Clayton@ _ .= “,'S g™ !
Avyers Kirke?
LA ! N
Fry Way @
W>illlowyPass glayton e M'L’Sh Cre 3 Clayton @
(FWP) reat . ~k Brancpa Marsh Creek
(CLT) ~ Jch
J. : ~ ) CMC)
. Py US~
DVC E)‘:tﬁ?tn @ -0 _"'o//(,w . Washington\
(CLD) * . 8y, , + @Clayton
<% . (WAS

®

Michigan @ Ygnacio

Valley
(MYV)
Concord @
Kirker Pass Westbound
(CKP)
s Rail
klrk ~ -~ .
' € Paee N ™ Station
' SS By, ™ ™ o Clayton @
\ Yancy, A aeyrson (CON)
Y v (CLA)
Clayton @ ' h Fry Way @
Marsh Creek % y, Creek Branc Willow Pass
(CMC)  Mars” Clayton @ (FWP)
- Treat
- . . (CLT)
* h .
Washington . pine Hollow Bra? T Clavt ™ @
@ Clayton gy, o -+ * " " ayton
(WAS) ' Detroit
Michigan @ (CLD)
\l(&naao Valley
(MYV)
P Intermediate Point  Route diagrams for Route 110 by direction
TP Terminal Point

T Timed Transfer Terminal
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The route diagrams show timed transfer terminals (T), terminal time points (TP), intermediate time
points (IP), and the trunk and branches of the route. Running time between time points can also be
added, and controlling time point(s) can be noted as well.

The diagrams indicate that there is a trunk (DVC to Clayton @ Ayers) and three branches at the eastern

end of the route:
Kirker Pass K) ===-=
Pine Hollow (P) =+ « « -
Marsh Creek (M) == e

Both the K and P branches are designed to use the same terminal end point at the intersection of
Washington @ Clayton (WAS). This allows for branch interlining as follows:

» Eastbound Kirker Pass (K) trips return as westbound Pine Hollow (P) trips
» Eastbound Pine Hollow (P) trips return as westbound Kirker Pass (K) trips

The third branch serving Marsh Creek (M) runs two-way service along a linear alignment into Marsh
Creek Circle.

Concord @
‘ Kirker Pass
Rail (CKP)
Station L= {P
(CON) -m2ch 4
Clayton @ _ . =%~ 8ranc ,
Ayers Kirke¥ v ‘
L4 ’
’ ’
Ma !
< h\Cree/r B . Clayton @
~ Jrancpe Marsh Creek

. B
bVvC Clayton @ - e Hoyy, . Washln on ‘.
Detroit W, L@ Clayton
(CLD) % . (WAS]
Michigan @
’&naao Valley

Three defined patterns for Route 110

Interlining two of the three branches means that three route patterns are now defined as follows:

Combination

Number Round Trip Trunk/Branch Combinations

1 Eastbound trunk + eastbound K branch + westbound P branch + westbound trunk

2 Eastbound trunk + eastbound P branch + westbound K branch + westbound trunk

3 Eastbound trunk + eastbound M branch + westbound M branch + westbound trunk
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VII. Cycle and Running Times

Cycle time is the total number of minutes needed to make a round trip in revenue service, plus any
layover and recovery time at both ends of the line. For Route 110, cycle time is the time required for
a vehicle to travel from DVC eastbound to Clayton @ Ayers, continue on one of the three branches to
an eastern terminal, layover, and then return to DVC and layover again.

To determine round trip running time for Route 110, it is important to first understand the various
patterns that will be used in the development of the master schedule.

The running time files that follow illustrate running times between time point pairs for each of seven
defined time periods. Time periods are customized to the needs of the local transit agency. Note that
running times vary not only by time period, but also by branch. To calculate maximum cycle time,
the longest combination of eastbound and westbound one-way trips must be used for each time period.
As expected, the longest cycle time occurs during the morning and afternoon peak periods when
transit ridership and general traffic volumes are highest.

ROUTE 110 EASTbound
Running Time File

Service Day: Weekday

Direction: ~ Eastbound

Time Early AM. P.M.

Period/Point AM. Peak Base School Peak Evening Night
From: 4:30a 5:31a 8:31a 2:01p 4:01p 7:.01p 10:01
Until: 5:30a 8:30a 2:00p 4:00p 7:00p 10:00p 11:59p
ALL TRIPS

DVC - - - - - - -
Clayton@Detroit (CLD) 10 11 11 13 13 11 11
Rail Station (CON) 6 7 6 7 8 7 6
Clayton@Treat (CLT) 6 8 8 9 10 7 7
Clayton@Ayers (CLA) 4 5 5 6 7 5 5
VIA KIRKER PASS (K)

Concord@Kirker Pass (CKP) 4 4 4 5 5 4 4
Washington@Clayton (WAS) 7 9 8 9 10 8 8
VIA PINE HOLLOW (P) ,

Michigan@Ygnacio Valley (MYV) 4 5 4 5 5 4 4
Washington@Clayton (WAS) 7 8 7 9 8 7 7
VIA MARSH CREEK CIRCLE (M)

Washington@Clayton (WAS) 3 4 3 4 3 3 3
Clayton@Marsh Creek (CMC) 8 8 8 8 14 12 12
Total via K 37 44 42 49 53 42 41
Total via P 37 44 41 49 51 41 40
Total via M 37 43 41 47 55 45 44

Running time file for eastbound Route 110
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ROUTE 110 WESTbound
Running Time File

Service Day: Weekday
Direction:  Westbound

Time Early AM. P.M.

Period/Point AM. Peak Base School Peak Evening Night
From: 4:30a 5:31a  8:31a 2:01p 4:01p 7:01p 10:01
Until: 5:30a  8:30a 2:00p 4:00p 7:00p 10:00p 11:59p

VIA KIRKER PASS (K)
Washington@Clayton (WAS) - - - - - - -

Concord@Kirker Pass (CKP) 9 9 9 9 9 9 8
Clayton@Ayers (CLA) 4 5 4 5 5 4 4

VIA PINE HOLLOW (P)
Washington@Clayton (WAS) - - - - - - -

Michigan@Ygnacio Valley (MYV) 7 8 7 9 8 7 7
Clayton@Ayers (CLA) 4 5 4 4 4 4 4

VIA MARSH CREEK CIRCLE (M)
Clayton@Marsh Creek (CMC) - - - - - - -

Clayton@Ayers (CLA) 14 14 12/1 8 8 8 8

ALL TRIPS

Clayton@Treat {CLT) 5 6 5 6 6 5 5

Rail Station (CON) 8 9 9 10 10 8 8

Fry Way@Willow Pass (FWP) 5 6 6/5 5 6 5 5

DVC 11 12 13 13/12 13 11 11
Total via K 42 47 46 48 49 42 41
Total via P 40 46 44 47 47 40 40
Total via M 43 47 45 42 43 37 37

Running time file for westbound Route 110
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The running time tables show that among eastbound Route 110 trips, the longest running time
occurs during the P.M. peak period. Running times range from 51 minutes for trips on the P
branch, to 53 minutes for K trips, to 55 minutes for the M trips.

Among westbound trips, the longest running times also occur during the P.M. peak. Running times
range from 49 minutes for K trips, to 47 minutes for P trips, to 43 minutes for M trips.

Maximum round trip running time for P.M. peak trips that originate at DVC, operate eastbound via
K, westbound via P and return to DVC is 100 minutes (53 minutes eastbound and 47 minutes
westbound).

For trips that follow P eastbound and K westbound, maximum round trip running time is also 100
minutes (51 minutes eastbound and 49 minutes westbound).

For M trips in both directions, maximum round trip running time is 98 minutes (55 minutes
eastbound and 43 minutes westbound) during the P.M. peak.

VIII. Calculating the Number of Vehicles from the Cycle Time

In addition to round trip running time, cycle time includes layover and recovery time for the round
trip. This agency has work rules that establish target layover and recovery time per round trip as
follows:

Layover time (min.) All 4
Recovery time (min.) AM.Peak 5

PM.Peak 6
Base 9

The number of vehicles needed to operate service is
determined by the equation on the right. Cycle Time
# of Vehicles
Using P.M. peak for the first computation. Headway
Cycle time is determined to be 110 minutes (100
minutes maximum running time plus 4 minutes
layover plus 6 minutes recovery).

110
The headway for both A.M. and P.M. peak is 10 11 =
minutes. Base service is scheduled at 20 minute 10
headways. Therefore 11 vehicles are needed to
operate P.M. peak service. CalculatingRequired NumberofVehicles

Given maximum running times of 91 minutes for A.M. peak service (44 minutes P eastbound plus 47
minutes K westbound) and 87 minutes maximum running time for base service (41 minutes P
eastbound plus 46 minutes K westbound), the number of vehicles is 10 and 5, respectively.

The table on the following page summarizes the calculation.
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(minutes) A.M. Peak P.M. Peak BASE
Running Time (RT) 91 100 87
Maximum Rail Layover 9 6 5
Maximum Recovery Time 0 4 8
Cycle Time 100 110 100
Trunk Headway 10 10 20
# of Vehicles Required 10 11 5

Route 110 - Maximum number of vehicles required by time period

IX. Controlling Time Points

It is the responsibility of the scheduler to decide not only where buses go, but when they go there as
well. Determining the timing of one or a series of trips is accomplished with the aid of particular
point(s) along the route appropriately called controlling time points. Controlling time points are
especially important because arrival and departure times at these points can also affect the coordination
of trips on one or more intersecting routes.

Controlling time points are usually major traffic generators where a significant number (or flow) of
passengers require service at specific times. Office parks, factories and schools are examples of key
locations that are often used as controlling time points. Timed transfer points and intermodal transfer
facilities are also commonly used as controlling time points.

A route may contain one or more controlling time points. However, seldom can two be used at the same
time (i.e., on the same trip). This is true because once an arrival or departure time is fixed at a given
time point, the times at every other time point in the trip become fixed as well. Recovery time at the
route terminal may be used to alter the schedule of the return trip by a few minutes, but often not
enough to meet the requirements of a second controlling time point.

Route 110 is influenced by several controlling time points. A very significant controlling time point is
the commuter rail station (CON). The regular scheduling practice of the transit agency is to coordinate
bus and train arrival and departure times, in both directions whenever possible. Note that the rail station
is an intermediate time point rather than a terminal point.

A secondary controlling time point for Route 110 is DVC, the western route terminal. Although it is
desirable to schedule timed transfers with the arrivals and departures of other routes serving DVC, it
may not be possible to achieve this throughout the day, assuming the dominant influence of the rail
station on the Route 110 schedule.
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One way to enhance the opportunity for schedule coordination at DVC is to concentrate recovery time at
this point. This also expands the window of time during which other routes could meet and coordinate
with Route 110 trips.

A third important controlling time point is relevant during morning and afternoon school bell hours.
Route 110 serves significant high school and middle school traffic on the K and P branches of the route.

> P.M. peak Eastbound departing trips \
should be coordinated with Eastbound
train arrivals.

< A.M. peak Westbound arriving trips
should be coordinated with Westbound
train departures.

g’?altli on > Base period Eastbound departing trips
(CON) should be coordinated with Eastbound
train arrivals.
’ !
’
’
’
. S~ y ~ s
\ . y ~ ~ ’
Whenever possible, Route 110 . s ~
DVC arrivals and departures should . . S ~o
be coordinated with other t.e *
@ routes terminating at DVC. T, :
One method of accomplishing
this is to store excess layover at Michigan @
DVC. This expands the Ygnacio Va”ey
“window” of time for (f\%yv)
coordinating with other routes
at this location.

s

MYV: Select school extras
should be
coordinated with
high school and
junior high school
start and dismissal

\ times. )

Controlling time points for Route 110
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X.

XI.

Pull-On/Off Points

One final piece of information is needed before beginning the process of generating trips—determining
those points where buses pull on and pull off the route. One or more locations may be used to add or
remove vehicles from scheduled service. These locations may be at either or both terminals or at an
intermediate time point. The primary factors in determining pull on/off points are distance and travel
time from the facility where the vehicles are stored. The desire is to minimize the deadhead time
between the points.

In the example of Route 110, both the western terminal DVC and the rail station CON will be used to
add and remove peak vehicles to the schedule, given their close proximity to the garage facility.

Developing the Master Schedule
Service The service day is planned to begin with a 15-minute trunk headway in the early
Design A M. and rapidly transition to 10-minutes for the A.M. peak. Each branch
Guidance would have a 30-minute peak headway. The trunk headway spreads to 20

minutes during the base and much of the school period, and then back to 10
minutes for the P.M. peak. The trunk headway will return to 20 minutes during
the evening hours and spread to 30 minutes near the end of the service day
(night).

Schedulers can use one of several approaches to generating trips. A chronological approach is used in
this example. This means that groups of trips will be built consecutively for each time period, by
direction, starting with the first early A.M. and A.M. peak trips in the westbound direction.

A. Beginning the service day

The design objective is for five successive westbound arrivals at the rail station at 15-minute
intervals between 5:30 a.m. until 6:30 a.m. During this hour, the headway is linked to morning train
departures, which occur every 15 minutes.

By constructing trip 1W to leave Washington @ Clayton (WAS) at 5:04 a.m., this first westbound
trip arrives at the rail station (CON) at 5:30 a.m. and arrives at the western terminal DVC at 5:49
a.m. (see running time files for computing time point arrival times). Four more westbound trips
(two via P, one each from M and K) arrive at CON within the targeted time period. Trips 1W
through 5W are consistent with the design objective.

NOTE: Completed Master Schedules, by direction, can be found at the end of this chapter.

Trip Lv Lv Arr Lv Arr
# Via MCC WAS MYV CKP CLA QLT CON CON FRY DVC
1w K 5:04 5:13 5:17  5:22  5:30 5:33 5:38 5:49
2W P 5:21 5:28 5:32 5:37 545 5:48 5:53 6:04
3w K 5:31 5:40 545 5:51 6:00 6:03 6:09 6:21
AW M 5:43  5:57 6:00 6:06 6:15 6:18 6:24  6:36
5W P 6:02 6:10 6:15  6:21 6:30 6:33  6:39  6:51

The first five westbound trips meet the early morning design objective.
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The controlling time point during this period of the day is the rail station (Arr CON). This
corresponds to the prevailing flow of westbound commuters wanting service to the rail line.

Note that the first M branch trip is trip 4W rather than 3W. Although inconsistent with the plan to
alternate trips between the three branches, the M branch is skipped in the early morning due to the

determination that service to this area is not required during this time period. Modifications to the

rotation of branch service are not uncommon when overall service can be enhanced.

B. Transition to A.M. peak

At 6:30 a.m., the planned headway reduces to 10 minutes between westbound arrivals at CON.
However, westbound trains depart toward downtown every 7.5 minutes during this time period.
Experienced schedulers recognize that this decision results in less that perfect schedule
coordination. From a scheduling perspective, it would be preferable to either 1) reduce the bus
headway from 15 minutes to 7.5 minutes (equal to the train station departures), or 2) leave the
headway at 15 minutes to meet every other train.

However, the decision to reduce the headway to 10 minutes is a compromise to avoid the additional
cost of a reduction all the way to 7.5 minutes and the desire to operate whole minute “clock”
headways for customer convenience.

Observation ~ Anticipating the impact of the schedule for a particular set of trips allows the
scheduler an opportunity to address the possible consequences, including adverse
passenger reaction. In this case, two questions are considered before the next set of
trips is constructed:

1) After arriving at CON, how long will passengers wait for the next train?

2) Will passengers arrive just in time to see a train leaving and be frustrated?

Given a 10-minute clock headway, the following would occur:

Arrival # Bus Arrives  Train Departs  Wait Time
1 6:30a 6:33a 3
2 6:40a 6:40.5a 0
3 6:48a 8
4 6:50a 6:55.5a 5
5 7:00a 7:03a 3
6 7:10a 7:10.5a 0
7 7:18a 8
8 7:20a 7:25.5a 5
9 7:30a 7:33a 3

Anticipating wait time for bus arrival and train departure
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The scheduler knows that it takes approximately 3 minutes to comfortably alight the bus, move
through the station and board the train. Arrival numbers 2 and 6 could likely generate complaints
because arriving passengers observe trains departing before they can get there. Arrival numbers 1, 5
and 9 may also generate similar complaints if they repeatedly arrive behind schedule.

Conclusion Given the relatively high frequency of both bus arrivals (10 minutes) and train
departures (7.5 minutes) during this time period, it is determined not to meet every
train with a bus arrival. Given a maximum wait of 8 minutes, the decision is made
to maintain the 10-minute headway.

Other options Delay the arrival times of 2 and 6 by 1 to 2 minutes
Accelerate arrivals 1 and 9 by 1 to 2 minutes.

Trips 6W through 12W are constructed to deliver the desired 10-minute headway through 7:40 a.m.

Trip Lv Lv Arr Lv Arr
# Via MCC WAS MYV CKP CLA CLT CON CON FRY DVC
6W K 6:11 6:20 6:25  6:31 6:40 6:43 649 7:01
7W M 6:18  6:32 6:35 641 6:50 6:55 7:01 7:13
8W P 6:32  6:40 6:45 651  7:00 7:05 7:11  7:23
9w K 6:41 6:50 6:55  7:01 7:10 7:15 7:21  7:33
10W M 6:48 7:02 7:05 71 7:20 7:25  7:31 7:43
1w P 7:02  7:10 715 7:21 7330 7:35  7:41 7:53
12w K 7:11 7:20  7:25 731 7:40  7:45 751 8:03

Second set of westbound trips

Some schedulers continue writing all trips in one direction before moving on to the opposite
direction trips. Others prefer to write groups of trips in alternating directions by time period. The
latter practice is used in this example.

Thus far, the first 12 westbound trips covering the early A.M. and A.M. peak periods have been
built. The eastbound counterparts will be developed with consideration to “hooking” westbound
trips to eastbound trips. This procedure will ensure that no more than the planned number of
vehicles will be required to operate the schedule.

Hooking is the process of tying one-way trips together to form vehicle blocks. (Refer to Chapter 3
for more detailed discussion of blocking.) Hooking can be done after the entire master schedule has
been developed or it can be done concurrent with master schedule development to help fine tune
trips and ensure the efficient utilization of vehicles.
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The timing of the first eastbound trip is affected by three considerations:
1) Itis desirable to hook to trip 1W, which departs WAS at 5:04 a.m.
2) It should support the desired branch pattern described earlier in this segment.
Note: Recall that pattern for the branches - westbound K
trips return as eastbound P trips and eastbound K
trips return as westbound P trips.
Therefore, the first eastbound trip should follow P.
3) Since the trip will be operated by a vehicle pulling onto the line from the
vehicle garage facility, it should enter revenue service efficiently at one of the

two designated pull on points.

Trip 1E below satisfies these conditions.

Trip Lv Arr Lv Arr Arr
# Via DVC CLD CON CON CLT CLA CKP MYV WAS MCC
1E P 4:43 449 453 4:57  5:04e—

Trip 1E arrives at WAS at 5:04 a.m. and immediately proceeds as (hooks to) trip 1W.

Trip Lv Lv Arr Lv Arr
# Via MCC | WAS MYV CKP (LA CLT CON CON FRY DvVC
1w K 5:.04 5:13  5:17  5:22  5:30 5:33 5:38 5:49

No layover or recovery time is provided at WAS. Since the vehicle will have only been in service
for 17 minutes at a very early hour, the need for recovery time is minimal. Additionally, WAS is a
residential intersection where idling vehicles during early morning hours could generate complaints
from residents. Recovery time is alternatively stored at CON and DVC.

Note also that 1E follows the P branch and interlines to the K branch as trip 1W, as planned. The
graphic on the following page illustrate the progression.
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The first westbound trip 1W
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Given that trip 2W departs WAS in the westbound direction as a P trip at 5:21 a.m., the second
eastbound trip (2E) is developed using the same pattern as used for trip 1E. Trip 2E departs CON at
4:59 a.m., operates eastbound as a K trip, and hooks to 2W at WAS at 5:21 a.m. Again, no recovery
time is allowed.

Trip Lv Arr Lv Arr Arr
# Via DVC CID CON CON CLT CLA CKP MYV WAS MCC
2E K 4:59 5:05 5:09 5:13 5:21e
Trip Lv Lv Arr Lv Arr
# Via MCC WAS MYV CKP CIA CLT CON CON FRY | DVC
2w P r®5:21  5:28 5:32 5:37  5:45  5:48 5:53| 6:04

Although the route pattern dictates that trip 3E cover the M branch, it has been established that
ridership demand on this segment does not require westbound service this early. In the interest of
efficiency, the P branch will replace the M branch for this trip. Trip 3E hooks to 3W, which departs
WAS at 5:31am.

Trip Lv Arr Lv Arr Arr
# Via DvC CLD CON CON CLT CLA CKP MYV WAS MCC
3E P 5:05 5:11 5:15 5:19 5:27 e
Trip Lv Lv Arr Lv Arr
# Via MCC WAS MYV CKP CLA CLT CON CON FRY DvC
3w K |—05:31 5:40 5:45 5:51 6:00 6:03 6:09 6:21

Note that a 4-minute layover at WAS (from 5:27 a.m. until 5:31 a.m.) has been scheduled. This is
necessary to fix the departure from CON at 5:05 a.m. to coordinate with the scheduled 5:00 a.m.
train arrival, avoiding any negative perception of a "near miss" with the subsequent 5:10 a.m. train
arrival. In this instance, the general interest in avoiding recovery time at the residential time point
WAS is violated.

The next eastbound trip 4E provides coverage on the M branch and hooks to trip 4W, departing
MCC at 5:43 a.m. One minute of recovery time is allowed at MCC.

Trip Lv Arr Lv Arr Arr
# Via DVC CID CON CON CLT CLA CKP MYV WAS MCC
4E M 5:21  5:27  5:31 5:34  5:42e
Trip Lv Lv Arr Lv Arr
# Via MCC WAS MYV CKP CLA CLT CON CON FRY DVC
4w M 543 557 6:00 6:06 6:15 6:18 6:24  6:36

Trips 1E through 4E each will be operated by the first four vehicles pulled onto the route. All four
vehicles are pulled on at CON, the preferred pull on point located nearest to the vehicle garage
facility. Trips SE and 6E hook to westbound trips SW and 6W.

Trip Lv Arr Lv Arr Arr
# Via DVC CLD CON CON CLT CLA CKP MYV WAS MCC
5E K 5:36 5144  5:49 553 6:02

6E P 5:45 5:53  5:58 6:03 6:11
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Although pulling buses on and off Route 110 is most efficient at CON, it is common to use one or
more secondary access points on a relatively long route. The secondary point on Route 110 is DVC.
Ridership demand dictates that eastbound service from DVC begin at approximately 5:30 a.m.
Since the first westbound trip (1W) is not scheduled to arrive at DVC until 5:49 a.m., another
vehicle must pull onto the line at DVC to cover a 5:30 a.m. departure.

Trip Lv Arr Lv Arr Arr Arr

# Via DVC CLD CON CON CLT CLA CKP MYV WAS MCC
7E M 5:30  5:40 5:46  5:52 6:00 6:05 6:09 6:17 T
Trip Lv Lv Arr Lv Arr

# Via MCC WAS MYV CKP CLA CLT CON CON FRY DVC
7W M |—06:1 8 6:32 6:35 6:41 650 655 7:01  7:13

The new trip 7E will hook with westbound trip 7W, which departs MCC at 6:18 a.m. Assuming 1
minute of recovery time at MCC, 7E should arrive at MCC at 6:17 a.m. Referring back to the
running time table, this requires a departure from DVC no later than 5:36 a.m. to reach MCC by
6:17 a.m. By scheduling the departure from DVC 6 minutes earlier, at exactly 5:30 am.,a 6
minute window is created at CON to ensure schedule coordination between arriving buses and
departing trains.

Since 1W completes its westbound run at DVC at 5:49 a.m., this vehicle may be used to cover an
eastbound trip leaving DVC just before 6:00 a.m.

The eastbound trips constructed to this point are as follows:

Trip Lv Arr Lv Arr Arr
# Via DVC CID CON CON CLT CLA CKP MYV WAS MCC
1E P 443 449 453 4:57  5:04
2E K 4:59 5:05 5:09 5:13 5:21
3E P 5:05  5:11  5:15 5:19  5:27
4E M 5:21 5:27  5:31 5:34  5:42
5E K 5:36 5:44 5149 553 6:02
6E P 5:45  5:53  5:58 6:03  6:11
7E M 5:30 5140 5:46  5:52 6:00 6:05 6:09 6:17

Now that the pattern is well established, it is possible to complete the remaining eastbound t,rips
which can be hooked to westbound trips 8W through 12W.

Trip Lv Arr Lv Arr Arr

# Via DVC CID CON CON CLT CLA CKP MYV WAS MCC
8E K 5:44 5:55 6:.02 6:06 6:14  6:19  6:23 6:32
9E P 5:54 6:05 6:12 6115  6:23  6:28 6:33 6:41
10E M 6:00 6:11  6:18 6:22  6:30  6:35 6:39 647
11E K 6:14  6:25 6:32  6:36 6144 6149  6:53 7:02
12E P 6:23 6:34 641  6:45 6:53  6:58 7:03 7:1

Note: Pull-out trips are shown in bold.
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The schedule requires nine vehicles rather than ten as initially calculated on the basis of maximum
cycle time. Why wasn't a tenth vehicle required?

Service was not required on the entire length of the route until 5:30 a.m., when eastbound service
from DVC commenced. By not serving the segment west of CON in the early A.M., it was possible
to extend the 10-minute headway into the A.M. peak without pulling out the tenth vehicle. This
reduction would not have been possible if the 100-minute cycle time was required.

Also, recovery time was minimized during the first morning trips on the assumption that vehicles
were not in revenue service long enough to fall behind schedule nor were operators behind the
wheel long enough to require layover time.

Finally, the duration of the A.M. peak period was 70 minutes, which is less that the 100-minute
cycle time.

C. Transition from A.M. peak to base time period

The transition from a 10-minute morning peak to the 20-minute base period is guided by three
important objectives:

1) Achieving a smooth transition from 10 minutes on the trunk and 30 minutes on the branches
to 20 minutes on the trunk and 60 minutes on the branches. In instances where the
transition is to a longer headway (i.e., less frequent service) and/or where the change in
headway is more than 5 minutes, it is generally considered good practice to spread out the
transition over two, three or more consecutive trips.

2) Establishing a realignment of the schedule around a new controlling time point and
direction. This is necessary because of the shift in the prevailing flow of Route 110
passenger traffic.

As the morning peak transitions into the base period, the volume of rail feeder trips declines
while the number of arriving rail passengers using the bus to reach the community college
and shopping malls located at the western end of the route increases.

Accordingly, the controlling time point changes from westbound bus arrivals at CON to
westbound departures from CON.

3) Removing four of the nine peak buses from service as efficiently as possible, noting that the
best place to pull a bus off the line is at CON.

Because westbound buses are arriving regularly to DVC during this period, no additional morning
pull-outs will be required. The next four eastbound trips (13E through 16E) are subsequently
constructed.
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Trip Lv Arr Lv Arr Arr
# Via DVC CID CON CON CLT CIA CKP MYV WAS MCC
13E M 6:38 6149 656  6:58 7:06 7:11 715 7:23
14E K 6:53 7:04 711 713 7221 7:26  7:30 7:39
15E P 7:.08 7119 7:26  7:29 7:37 742 7:47  7:55
16E M 714 725 7:32 734 742 747 7:47  7:55
Trip Lv Lv Arr Lv Arr
# Via. MCC WAS MYV CKP CLA CLT CON CON FRY DVC
4w M 5:43 557 6:00 6:06 6:15 6:18 6:24 6:36
5w P 6:02  6:10 6:15  6:21 6:30 6:33 6:39  6:51
6w K 6:11 6:20 6:25 631 6:40 6:43  6:49  7:01
W M 6:18  6:32 6:35 6:41  6:50 6:55 701 713

» Eastbound trip 13E hooks to trip 4W, which arrives at DVC at 6:36a.m.
+ Eastbound trip 14E hooks to trip SW, which arrives at DVC at 6:51a.m.
+ Eastbound trip 15E hooks to trip 6W, which arrives at DVC at 7:01a.m.
< Eastbound trip 16E hooks to trip 7W, which arrives at DVC at 7:13a.m.

Recalling that the last westbound trip constructed during the moring peak was 12W:

Trip Lv Lv Arr Lv Arr
# Via MCC WAS MYV CKP CLA CLT CON CON FRY DVC
12W K 7:11 7:20 7:25 7:31 7:40 7:45 7:51 8:03

The first westbound trip in the base period (13W) has the following three objectives:
1) Maintain the alternating branch pattern already established.

2) Generate an arrival time at CON that is somewhere between the 10-minute morning peak
headway and the desired base headway of 20 minutes.

3) Establish a recognizable pattern of departure times from CON toward DVC that will carry
through the base period.

Trip 13W below meets those conditions:

Trip Lv Lv Arr Lv Arr
# Via MCC WAS MYV CKP CLA CLT CON CON FRY DVC
13W M e7:24 7:38 7:41 7:46 7:55 8:00 8:06 8:18
Trip Lv Arr Lv Arr Arr
# Via DVC CLD CON CON CLT CLA CKP MYV WAS MCC
13E M 6:38  6:49 6:56 6:58 7:06 7:11 7:15 7:23

Notes: Trip 13W follows the M pattern and allows 1 minute of recovery time (when hooked with
13E).
Arrival time at CON is 15 minutes later than the previous trip 12W. Departure time from
CON occurs on the hour.
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The next trip, 14W, follows the P pattern and maintains the headway at 15 minutes at the controlling
time point Lv CON. It is hooked to eastbound trip 13E.

Trip Lv Lv Arr Lv Arr
# Via MCC WAS MYV CKP CLA CLT CON CON FRY DVC
14W P 7:39 747 7:52 7:58  8:07 8:15 8:21 8:34

Following these two consecutive westbound departures from CON at 8:00 a.m. and 8:15 a.m. (13W
and 14W), the time is right to spread the next trip to the target base headway of 20 minutes. This
requires a departure at 8:35 a.m. This means that one of the next two westbound trips must be
truncated at CON and removed from service.

The next two westbound trips, 15W and 16W, follow the K and M branches, and arrive at CON at
8:24 a.m. and 8:32 a.m. respectively. Trip 16W is clearly the better of the two to maintain in
service, since a 3-minute layover at CON allows an 8:35 a.m. departure exactly 20 minutes after trip
14W. This provides a good opportunity to establish the base 20-minute headway at 0:15, 0:35 and
0:55 minutes past the hour at Lv CON.

Trip Lv Lv Arr Lv Arr
# Via MCC WAS MYV CKP CLA CLT CON CON FRY DVC

15W K 7:55 8:04 8:09 815 8:24 Out of service

16W M 8:00 8:14 8:17 823 832 835 841 854

Meanwhile, the last eastbound trip constructed during the A.M. peak was 16E:

Trip Lv Arr Lv Arr Arr
# Via DVC CLD CON CON CLT CLA CKP MYV WAS MCC
16E M 714 7:25  7:32  7:34 742 747 7:47  7:55

At the DVC end of the route, westbound buses will continue to arrive at-10 minute intervals until
8:03 a.m. (trip 12E). Trips 17E through 21E below are hooked to westbound arrivals 8W through
12W. One to two minutes of recovery time are allowed at DVC.

Entering the base period, running time decreases slightly and allows for more recovery time at
DVC. As noted earlier, the extra running time is stored as additional recovery time at DVC in order
to expand the “window of dwell time” during which transfers to other routes can be achieved.

Trip Lv Arr Lv Arr Arr

# Via DVC CLD CON CON CLT CLA CKP MYV WAS MCC
17E K 7:24  7:35  7:42 7:43 751  7:56  8:00 8:09
18E K 7:34 7:45 752 7:53 8:.00 8:04 8:07 8:14
19E P 7:44 7:55 802 804 812 817 8:22  8:29
20E M 7:55 806 813 815 8:23 8:28 8:32 8:40
21E K 8:10 821 8:28 8:30 8:38 8:43 847 8:55

Note that trip 18E deviates from the established rotating pattern of service to the branches. The
second K trip is scheduled instead of adding a school extra to serve the morning bell of the local
high school located near the MYV time point.
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Three of the next westbound trips must pull out of service. Because the desired effect is to cut the
10-minute headway in half, it makes sense that every other bus should be removed from service
until the five buses needed to operate the desired base period headway remain on the line.

Trip Lv Lv Arr Lv Arr
# Via MCC WAS MYV CKP CLA CLT CON CON FRY DVC

17W P 8:09 8:17 8:23 8:29  8:38 Out of service

18W P 8:14  8:21 8:27 833 842 855 901 9:14

19W K 8:29 8:38 8:42 8:47 8:56 Out of service

20W M 8:40 8:54 8:57  9:02 911 9:13 9:19 9:32

21W P 9:00 9:07 9:11 9:16  9:25 Out of service

Recap: Shown below are the 12 westbound trips arriving at CON from 7:30 a.m. until 9:38
a.m. During this period, the schedule transitions from an even 10-minute headway
between arrivals at CON (until 7:40 a.m.) to 15 minutes and then to 20 minutes
between departures from CON.

Four of nine buses operating in morning peak service are removed from service,

leaving five base blocks to carry through the base time period.

Route 110 - Westbound (recap)
Morning Peak to Base Period Transition

Trip Lv Lv Arr Lv Arr
# Via MCC WAS MYV CKP CLA CLT CON CON FRY DVC
11TW P 7:02  7:10 7:15  7:21 7:30 7:35  7:41 7:53
12W K 7:11 7:20 7:25  7:31 7:40 7:45 751 8:03
13W M 7:24 7:38 7:41 7:46 755 8:00 806 8:18
14W P 7:39 747 7:52 758 8:07 8:15 8:21 8:34
15W K 7:55 8:04 809 8:15 8:24 Out of service
16W M 8:00 8:14 8:17  8:23 8:32 8:35 8:41 8:54
17W P 8:09 817 8:23 8:29 8:38 Out of service
18W P 8:14  8:21 8:27 8:33 8:42 8:55  9:01 9:14
19W K 8:29 8:38 8:42 8:47  8:56 Out of service
20W M 8:40 854 8:57  9:02 9:11 9:13  9:19  9:32
21W P 9:00 9:07 9:11 9:16  9:25 Out of service
22W K 9:11 9:20  9:24  9:29 9:38 9:40 '9:46 9:59

Note that the departure time of trips 20W and 22W from CON are not exactly 20 minutes apart.
These variations are made deliberately in order to create minimum 15-minute mid-run layovers that
are required by labor agreement for full-time runs.
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The figure below shows the 13 eastbound trips that comprise the morning peak to base period
transition. Uneven headways result from the attention given to westbound arrivals and departures to
and from the train station CON.

Route 110 - Eastbound (recap)
Morning Peak to Base Transition

Trip Lv Arr Lv Arr Arr
# Via DVC CLD CON CON QLT CLA CKpP MYV  WAS MCC
10E M 6:00 6:11 6:18 6:22 6:30 6:35 6:39 6:47
11E K 6:14 6:25 6:32 636 644 6:49 653 7:02
12E P 6:23 634 641 6:45 6:53 6:58 7:03 7:11
13E M 6:38 6149 656 658 7:06 7:11 7:15  7:23
14E K 6:53 7:04 71 713 7:21 7:26  7:30 7:39
15E P 7:08 719 7:26 7:29 7:37. 7:42 7:47 7:55
16E M 714 7:25  7:32 7:34 7:42 747 7:47 7:55
17E K 7:24 735 742 7:43  7:51 7:56  8:00 8:09
18E K 7:34 745 752 753 800 8:04 8:07 8:14
19E P 7:44 7:55 8:02 8:04 8:12 8:17 8:22 8:29
20E M 7:55 806 813 8:15 8:23 8:28 8:32  8:40
21E K 8:10 8:21 8:28 8:30 8:38 843 8:47 8:55
22E P 8:25 836 843 845 8:53 8:58 9:.02 9:09

D. Base period — pulse/timed transfer windows

During base period, both CON and DVC serve as pulse transfer points for Route 110 and other
routes operating in the area. Bus schedules are designed to meet at the rail station once an hour.

A timed transfer window of approximately 10 minutes — from :55 minutes past the hour until :05
minutes past the hour — is designed around train arrivals and departures. All bus/rail connections
are timed, and all possible bus/bus connections are timed as well. Ridership and passenger transfer
data could be used to identify particular bus/bus connections that should be supported in the
schedules.

The base period service design of Route 110 calls for a 20-minute base period headway. This
means that every third arrival and departure at CON should fall within the timed transfer window.
Every third bus in both directions should be timed to arrive at the top of the hour.

The base period schedule pattern is established by trip 22W, which arrives at CON 13 minutes after
21W, at 9:38 a.m. Two minutes of dwell time are allowed to produce a departure at :40 minutes
past the hour, allowing the next trip (23W) to depart at the top of the hour.

This sets the pattern for the next 15 westbound trips that operate until after 2:00 p.m. when a
transition to the school period becomes necessary. Base period westbound trips arrive at :18, :38
and :58 minutes past the hour and depart at :20, :40 and :00 minutes after the hour.
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Route 110 - Westbound

Base Period Trips
Trip Lv Lv Arr Lv Arr
# Via MCC WAS MYv CKP CLA CIT CON CON FRY DVC
22W K 9:11 9:20 9:24  9:29 9:38 9:40 946 9:59
23W M 9:29 941 9:44 949  9:58 10:00 10:06 10:19
24W P 9:53  10:00 10:04 10:09 10:18 10:20 10:26 10:39
25W K 10:11 10:20  10:24 10:29 10:38 10:40 10:46 10:59
26W M 10:29 10:41 10:44 10:49 10:58 11:00 11:06 11:19
27W P 10:52 10:59 11:03 11:09 11:18 11:20 11:25 11:37
28W K 11:10 11:19  11:23 11:29 11:38 11:40 11:45 11:57
29W M 11:29 11:40 11:43 11:49 11:58 12:00 12:05 12:17
30w P 11:52  11:59 12:03 12:09 12:18 12:20 12:25 12:37
31W K 12:10 12:19  12:23 12:29  12:38 12:40 12:45 12:57
32w M 12:29 12:40 12:43 12:49 12:58 1:00 1:05  1:17
33w P 12:52  12:59 1:03 1:09 1:18 1:20 1:25  1:37
34W K 1:10 1:19  1:23  1:29  1:38 1:40 1:45  1:57
35W M 1:29  1:40 1:43 149 1:58 2:00 2:05 2:18
36W P 1:52  1:59 2:03 2:09 2:18 2:20 2:25  2:38
37W K 2:09 218 2:23 2:29  2:39  2:40 2:45  2:58

Base period eastbound trips are shown below. Arrivals at CON occur at :03, :23 and :43 minutes
past the hour (1 minute earlier after 10:00 a.m.). Two to three minutes of dwell time are allowed,
resulting in departures at :05, :25 and :45 minutes past the hour.

Route 110 - Eastbound

Base Period Trips
Trip Lv Arr Lv Arr Arr
# Via DVC CID CON CON CLT CLA CKP MYV WAS MCC
22E P 8:25 8:36  8:43 8:45 8:53 858 9:02  9:09
23E M 8:45 856 9:03 9:05 913 9:18 9:21 9:29
24E K 9:05 916  9:23 9:25 9:33 9:38 942 9:50
25E P 9:25 9:36 943 9:45 953 958 10:02 10:09
26E M 9:45 9:56 10:03 10:05 10:13 10:18 10:21  10:29
27E K 10:05 10:16 10:22 10:25 10:38 10:42 10:42 10:50
28E P 10:25 10:36 10:42 10:45 10:53 10:58 11:02 11:09
29E M 10:45 10:56 11:02 11:05 11:13 11:18 11:21  11:29
30E K 11:05 11:16 11:22  11:25 11:33 11:38 11:42 11:50
31E P 11:25 11:36 11:42 11:45 11:53 11:58 12:02 12:09
32E M 11:45 11:56 12:02 12:05 12:13 12:18 12:21 12:29
33E K 12:05 12:16  12:22 12:25 12:33 12:38 12:42 12:49
34E P 12:25 12:336 12:42  12:45 12:53 12:58 1:02  1:09
35E M 12:45 12:56 1:02 1:05 1:13 1:18 1:21 1:29
36E K 1:05  1:16 1:22 1:25  1:33  1:38 1:42 1:49
37E P 1:25  1:36 142 1:45 1:53 1:58 2:02  2:09
38E M 1:45 1:56  2:02 2:05 2113 2:118 2:21 2:29
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" Note that the timed trips follow the M pattern in both directions. This practice generates very
competitive transit travel times for passengers making longer bus/rail trips. The M branch is
selected because it generates the highest passenger volumes of the three branches during the base
period. Offering the benefit to different branches in the morning and evening peak periods would
tend to reduce the attractiveness of transit travel to a larger number of passengers.

E. School extras

A school extra is a trip (or series of trips) added to accommodate the impact of large numbers of
students arriving to or departing from a school located along a regular route. School extras typically
operate on school days only and often consist of a partial trip or trips as necessary to accommodate
actual demand. While school extras may be added in the morning or afternoon, they are more
commonly needed at the afternoon bell. School extras are available to students and to the general
public just as any other trip.

Looking back to the morning peak schedule of Route 110, extra capacity was provided without the
need for any extra vehicles. This was possible because the morning school bell occurred during the
peak period when the trunk headway was 10 minutes. By interrupting the alternating branch pattern
and running two consecutive trips via the K branch, it was possible to bring two regular route
vehicles to the school within 10 minutes of each other.

Unfortunately, additional school capacity for the afternoon bell cannot be accomplished in the same
manner. The school dismissal time occurs 90 minutes before the 10-minute afternoon peak
headway is needed. The 20-minute interval between Route 110 buses during the base period makes
it impractical to rely solely on the buses in regular service. Students are unlikely to wait 20 minutes
for the second bus and accelerating the arrival time would create an unacceptable gap in service just
before the transition to the peak service is initiated. Therefore, an extra trip must be added.

School Period Trips:
Route 110 - Westbound

Trip Lv Lv Arr Lv Arr

# Via MCC WAS MYV CKP CLA CLT CON CON FRY DVC
38W M 2:32 2:40 2:43 2149 2:59 3:04 3:09 3:22
39W K 2:44S 2:518
40W P 2:54  3:03 3:07  3:13 3:23 3:25 3:30  3:43
411W K 3:12 3:21 3:26 3:32 342 347 3:52  4:05

Route 110 - Eastbound

Trip Lv Arr Lv Arr Arr

# Via DVC CLD CON CON CLT CLA CKP MYV WAS MCC
39E K 2:01 214 2:21 2:24  2:33 2:39 2:44 2:54
40E P 2:20  2:33  2:40 2:43  2:52  2:58 3:03  3:12

41E M 2:40 2:53 3:00 3:03 3:12 3:18 3:22 3:36




Advanced Chapter 2/ Trip Generation Page 43
PR e e

Trips 38W, 39W and 40W all pass the local high school, which is located near the time point WAS
(Washington @ Clayton). Afternoon dismissal occurs at 2:35 p.m.

Trip 38W is a regular trip that passes the school 5 minutes after bell time. Note that the same
running time is allowed as for other westbound M branch trips, even though it can be assumed that
this trip may run behind schedule on school days due to heavy passenger loadings. This is done so
that the trip will not run early on non-school days when passenger volumes are likely to be much
lower. To enable the operator to get back on schedule as soon as the impact of the student load is
distributed, additional recovery time at CON is allowed before continuing westbound to DVC.

Trip 39W is the school extra. It enters revenue service at the school 4 minutes following the
scheduled departure of trip 38W and 9 minutes after the dismissal bell. Note that this trip follows
the K branch and departs the school in a northbound direction. It will remain on route until all
passengers have alighted.

Trip 40W is a regular route trip that passes the school 19 minutes after bell time. It operates
southbound from the school to the area served by the P branch. Given that the wait time will
discourage some passengers from using the bus, it could be assumed that the number of potential
riders on this branch is lower than on the others.

Trip 41W passes the high school 37 minutes after bell time, serving as a “clean-up” trip for those
passengers who may have missed trip 39W.

In this example, only one school extra has been added. However, it is quite common to operate
several school extras or trippers as necessary to accommodate demand. The use of higher capacity
(i.e., articulated) vehicles could be considered to respond to the impact of school demand without
adding additional vehicles to the route.

F. Transition from base/school to the P.M. peak

The transition from the base/school period to the P.M. peak is influenced by many of the same
considerations that were encountered earlier in the service day:

* Reduce headway from 20 to 10 minutes.

Bring additional buses from the vehicle garage facility into revenue service at the
nearest time point (CON) whenever possible.

« Reset the controlling time point as appropriate to address the bus/rail scheduling
connections.

As before, the headway should decrease smoothly over several consecutive trips. When to restore
the peak period service level varies from route to route, but is generally determined by the volume
of passenger traffic and service productivity objectives.
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Route 110 covers suburban communities with access to a commuter rail line. Assuming one-way
train trips of approximately 1 hour, many commuters do not reach CON until after 6:00 p.m.
Therefore, the P.M. peak 10-minute headway is maintained until at least 6:30 p.m. or 6:45 p.m.

Local workers and students are likely to use bus service between 4:30 p.m. and 5:15 p.m. This
means that the P.M. peak period will be longer than the A.M. peak — over 2 hours compared to just
70 minutes in the A.M.

Nine vehicles are required to generate a -0 minute trunk headway in the A.M. peak. Based on cycle
time alone, 10 vehicles should have been required. However, one less vehicle was needed because
the duration of the A.M. peak period (90 minutes) is shorter than the cycle time (100 minutes) of the
A.M. peak period and because a number of vehicles were pulled on at CON without making full
round trips.

The duration of the P.M. peak (120 minutes) is greater than (or equal to) the cycle time (110
minutes). Therefore, it can be projected that all 11 vehicles estimated to be needed for P.M. peak
revenue service will be required in order to generate the desired 10-minute trunk headway on Route
110.

Five vehicles have been operating during the base period, and a sixth was added during the school
period. A second objective of the scheduling transition into the P.M. peak is then to integrate five
additional vehicles to the line as efficiently as possible. Vehicles pull onto the line in a similar
manner as they were pulled off near the end of the morning peak.

A third objective during the transition into the afternoon peak is to reset the controlling time point.
There are two significant passenger flows during this time period:

1) Rail commuters returning home to the residential neighborhoods served by the
three route branches at the east end of the route; and

2) Students, shoppers and retail district employees returning to the rail station from
the west end of the route.

To accommodate these passenger flows, the afternoon peak schedule will be developed around:

* Eastbound arrivals at CON,
» Eastbound departures from CON, and
* Westbound departures from CON,

While bus departures occur every 10 minutes, evening train arrivals occur at 7.5-minute intervals.
Because the bus and rail headways are not even multiples of one another, they are not compatible
for timed transfers. As with the morning peak, this is not a significant problem as both are
relatively frequent and transfer wait times are consequently low.

The optimal strategy for intermodal transfers is to provide even intervals between bus departures
and arrivals at the controlling time point, except as necessary to steer away from “near misses” in
rail/bus transfers as perceived by customers.
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The transition from base/school to P.M. peak begins with trip 45E in the eastbound direction. Trips
42E through 44E maintain the 20-minute base/school period headway, with departures from DVC
evenly spaced at :00, :20 and :40 minutes past the hour and with arrivals at CON at :20, :40 and

:00.
Route 110 - Eastbound

Trip Lv Arr Lv Arr Arr
# Via DVC CLD CON CON CLT CLA CKP MYV WAS MCC

42E K 3:00  3:13  3:20 3:24  3:33  3:39 3:44 3:54

43E P 3:20 3:33 3:40 3:44 3:53 3:59 4:.04 413

44E M 3:40 3:53  4:.00 4:02 4:11 4:17 4:21 4:35

45E K Into service 4:12 4:22 429 434 4:44

46E P 3:55 4:08 4:16  4:20 4:30 4:37 4:42  4:50

47E M 4:15  4:28 = 4:36 4:40 4:50 457 5:00 5:14

Route 110 - Westbound

Trip Lv Lv Arr Lv Arr
# Via MCC WAS MYV CKP CLA CLT CON CON FRY DVC
42W M 3:36  3:44 3:47 353  4:.03 405 410 4:23
43W P 3:54  4:.03 4:07 4:13 4:23 4:25 430 443
44W K 4:13 4:22 4:27 4:33 443  4:46  4:51 5:04
45W M 4:36 4:44 4:47  4:53 5:03 5:05 5:10 5:23
46W P 4:45  4:53 4:57  5:03 5:13 5:15 5:21 5:34
Trip Lv Lv Arr Lv Arr
# Via MCC WAS MYV CKP CLA CLT CON CON FRY DVC
37W K 2:09 2:18 2:23 2:29 239 240 245  2:58
38W M 2:32  2:40 2:43 2:49  2:59  3:04 3:09 3:22

Trip 37W hooks to eastbound trip 42E, allowing 2 minutes of recovery time (2:58 p.m. until 3:00
p.m.) at DVC. Since the next westbound arrival at DVC does not occur until 3:22 p.m. (trip 38W),
a vehicle must be added to cover trip 43E beginning at 3:20 p.m. This could be hooked to trip 39W
on school days.

The addition of the 3:20 p.m. departure provides a drop-back through which additional layover can
be provided between trips at DVC. This provides an opportunity for mid-run breaks of at least 15
minutes if required by contract. For example, if applied to Route 110, trip 38W could hook to
eastbound trip 44E, allowing 18 minutes at DVC. This would consist of 3 minutes of recovery time
(3:22 p.m. until 3:25 p.m.) and 15 minutes of layover (3:25 p.m. until 3:40 p.m.) for a total of 18
minutes.

The second afternoon pull-out enters revenue service at CON at 4:12 p.m. and makes trip 45E. Trip
40W hooks to 46E, allowing 12 minutes of recovery time (3:43 p.m. until 3:55 p.m.) at DVC.
These trips absorb the service frequency transition from 20 to 10 minutes.
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G. P.M. peak service

The 10-minute eastbound headway is established by trip 47E and continues through trip 58E with
evenly spaced departures from CON. Note the two additional buses that enter revenue service to
make trips 48E and SOE from CON. The result is that the 10-minute headway of departures from
DVC does not begin until 5:15 p.m.

P.M. Peak Trips

Route 110 - Eastbound

Trip Lv Arr Lv Arr Arr

# Via DVC CLD CON CON CLT CLA CKP MYV WAS MCC
48E K Into service 4:50 5:00 5:07 5:12 5:22

49E P 4:35  4:48  4:56 5:00 5:10 5:17 5:22 5:30

50E M Into service 5:10 5:20 5:27 5:30 5:44
51E K 4:55  5:08 5:16 5:20 5:30 5:37 5:42 5:52

52E P Into service 5:30 5:40 5:47 5:52 6:00

53E M 5:15  5:28 5:36 5:40 5:50 5:57 6:00 6:14
54E K 5:25  5:38 546 550 6:00 6:07 6:12 6:22

55E P 5:35 5:48 5:56 6:00 6:10 6:17 6:22  6:30

56E M 5:45 5:58 6:00 6:10 6:20 6:27 6:30 6:44
57E K 5:55 6:08 6:16 6:20 6:30 6:37 6:42 6:52

58E P 6:05 6:18 6:26 6:30 6:40 6:47 6:52  7:00

Since eastbound is the prevailing direction of passenger traffic during the P.M. peak, the westbound
schedule simply accommodates the eastbound trips. The -0 minute interval between departures
from CON is established by trip 45W at 5:05 p.m., and subsequent trips are evenly spaced. The
schedule pattern will be maintained for 14 consecutive trips, until 7:25 p.m. The eleventh and final
bus of the P.M. peak enters revenue service at 5:35 p.m. at CON and operates trip 48W.

Route 110 - Westbound

Trip Lv Lv Arr Lv Arr
# Via MCC WAS MYV CKP CLA CLT CON CON FRY DVC
47W K 4:50 4:59 5:04 5:10 5:20 5:25 5:31 5:44
48W -- Into service 5:35  5:41 5:54
49W M 5:15  5:23 5:27 5:33 5143 5145 5:51 6:04
50W P 5:25  5:33 5:37 5:43 5:53 5:55  6:01 6:14
51W K 5:33 5:42 5:47 553 6:03 6:05 6:11 6:24
52w M 5:45 5:53 5:57 6:03 6:13 6:15 6:21 6:34
53w P 5:55  6:03 6:07 6:13  6:23  6:25  6:31 6:44
54W K 6:03 6:12 6:17 623  6:33 6:35 641 6:54
55W M 6:15  6:23 6:27 6:33  6:43 6:45 651 7:04
56W P 6:25 6:33 6:37 6143 6:53 6:55  7:01 7:14
57W K 6:33 6:42 6147 653 7:03 7:05 7:11 7:24
58W M 6:45  6:53 6:57 7:03 7:11 7:15  7:20 7:31
59W P 6:55 7:03 7:07 7:13 7:21 7:25 7:30 7:41
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H. Evening and night service

The level of service requirement drops substantially after the end of the P.M. peak. Prevailing
traffic flows remain unchanged, however, so that the controlling time point for eastbound departures
continues to be CON. Therefore, the major objective of the transition is to remove buses from
service efficiently while preserving a recognizable headway and service pattern.

The eastbound trips are developed around the controlling time point CON. The 10-minute peak
headway spreads to 15 minutes between eastbound departures after 6:30 p.m. (trips S9E through
61E), to 20 minutes after 7:30 p.m. (trips 62E through 65E), and 30 minutes after 8:30 p.m. until the
end of the service day (trips 66E through 69E).

Evening and Night Period Service

Route 110 - Eastbound

Trip Lv Arr Lv Arr Arr
# Via DVC CID CON CON CLT CLA CKP MYV WAS MCC
59E M 6:20 6:33  6:41  6:45 6:55  7:02 7:05  7:17
60E P 6:35 6:48 6:56 7:00 7:07 7:12  7:16 7:24
61E K 6:50 7:03 7:11 715 7:22 7:27 7:31  7:38
62E M 710 7:21  7:27  7:30  7:37 7:42 7:45  7:57
63E K 7:30 741 7:47 750 757 802 8:06 8:14
64E P 7:50  8:01 807 810 817 8:22 8:26  8:33
65E M 8:10 821 8:27 8:3C 837 842 8:45  8:57
66E K 8:40 851 857 9:00 9:07 912 9:16 9:24
67E P 9:10  9:21  9:27 9:330 9:37 9:42 9:46  9:53
68E K 9:40 9:51  9:57 10:00 10:07 10:12 10:16 10:24
69E P 10:10 10:21 10:27 10:30 10:37 10:42 10:46 10:53

Route 110 westbound service operates until 11:18 p.m. Because the westbound direction has lower
passenger traffic, the decision is made to remove buses from revenue service after arriving at CON.
This will inconvenience fewer passengers than truncated eastbound trips.

The basic approach is to remove every other bus arriving at CON after 7:30 p.m. Trips 60W, 62W,
64W and 67W pull to the garage.

Notice the headway transition of arrivals at the western terminal DVC. The-20 minute interval
between trips 61W and 63W gives way to 30 minutes between trips 63W, 65W and 66W, and 40
minutes between 66W and 67W.
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Evening and Night Period Service (con't)

Route 110 - Westbound

Trip Lv Lv Arr Lv Arr

# Via MCC WAS MYV CKP CLA CLT CON CON FRY bVvC
60W K 7:07 7:15 7:19 7:24 7:32 Out of service
61W M 7:23 7:31 7:34 7:39 7:47 7:50 755 8:06
62W P 7:28 7:35 7:39 7:44 7:52 Out of service
63W K 7:42 7:50 7:54 7:59 8:.07 8:10 8:15 8:26
64W M 8:00 8:08 8:11 8:16 8:24 Out of service
65W P 8:14 8:21 8:25 8:30 8:38 8:40 8:45 8:56
66W K 8:37 8:45 8:49 8:53 9:01 9:10 9:15 9:26
67W M 9:00 9:08 9:11 9:16 9:24 Out of service
68W P 9:24 9:31 9:35 9:40 9:48 9:50 9:55 10:06
69W K 9:53 10:01 10:05 10:10 10:18
70W P 10:24 10:31 10:35 10:40 10:48
71W K 10:53 11:01 11:05 11:10 11:18

All trips for Route 110 have been generated and a completed master schedule is shown at the end of
this section. The next step involves blocking the trips into vehicle assignments. The blocking
process, using Route 110 and Revised Route 32 as models, is covered in Chapter 3.

XII. Rail Scheduling

Generally, most scheduling principles apply to both rail and bus. However, schedulers face many
unique issues and constraints emanating from the lack of flexibility that operating on fixed track
presents. The impact of these issues on scheduling efficiency depends significantly on the physical
layout of the rail network and the type of train control system used. Representative examples of those
issues are presented in this section.

A. Example rail system layout

The simplest and most common layout of rail facilities is “double track.” This configuration
consists of two tracks lying side by side in the railbed. Double track provides for the unobstructed
flow of trains operating in opposite directions. Stations located along double track segments are
either “outside platform” or “center platform.” Each station is generally a published time point.

“Crossover” tracks are often located near the terminating stations on the line. These crossovers
are of concern to the scheduler because trains in both directions must use them in order to reverse
direction at the end of the line. The “yard track” is a connecting spur between the main line and
the rail maintenance and/or storage yard.

A simplified double track line serving two terminal stations and four intermediate stations is
shown on the next page. Trains pull into and out of service from a yard line between Stations 2
and 3. The crossover between stations 3 and 4 is primarily for emergency use only.
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Example layout of a simplified rail line with double track operation

B. Special considerations for rail

The limited flexibility of operating on fixed rail usually results in additional constraints for the
scheduler, generally in addressing five typical areas:

1) Minimum spacing between trains

2) Pulling trains into and out ¢. revenue service
3) Passing trains

4) Single track operations

5) Merging tracks and terminal point scheduling

1) Minimum spacing between trains

Spacing is a critical concern. Most systems require, as a matter of operating policy, a
minimum time and/or distance between trains, both for safety considerations and to ensure a
smooth flow of service. The specific operating policy for minimum spacing varies between
systems, but is typically between 1 and 3 minutes. Factors that influence spacing include train
volumes, length of train sets, safety, history and the sophistication of the train control system.

2) Pulling trains into and out of revenue service

The techniques for moving trains into and out of revenue service are similar to those used for
bus scheduling. However, it is extremely important that trains entering and leaving the main
track be coordinated with trains operating in revenue service.
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The following table illustrates how trains would pull onto the example rail line given the
following operating characteristics.

Cycle Time 60 Minutes
Frequency 15 Minutes, both directions
Number of Trains 4

First Pullout no earlier than 4:30a.m.

Eastbound (A.M.)
Station 1 2 3 4 5 6
Train#  Pullout
101 4:33 4:35 4:41 4:46 4:51
103 4:48 4:50 4:56 5:01 5:06
102 4:55 5:01 5:05 5:11 5:16 5:21
104 5:10 5:06 5:10 5:26 5:31 5:36
101 5:25 5:31 5:35 5:41 5:46 5:51
103 5:40 5:46 5:50 5:56 6:01 6:06
102 5:55
104 6:10

Example schedule demonstrating A.M. pull-outs eastbound

Westbound (A.M.)
Station 6 5 4 3 2 1
Train#  Pullout
102 4:44 4:46 4:50
104 4:59 5:01 5:05
101 4:55 5:01 5:06 5:12 5:16 5:20
103 5:10 5:16 5:21 5:27 5:31 5:35
102 5:25 5:31 5:36 5:42 5:46 5:50
104 5:40
101 5:55
103 6:10

Example schedule demonstrating A.M. pullouts westbound

Trains leave the yard at 4:33, 4:44, 4:48 and 4:59 a.m. respectively. A deadhead time of 2
minutes is allowed to either Station 3 for eastbound trains or Station 2 for westbound trains.
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3) Passing trains

Buses operating on public streets are generally able to pass other buses as dictated by service
requirements. However, rail operations do not share this flexibility. Trains operating in
scheduled service on a double track configuration generally cannot pass other trains unless a
parallel express track is available.

In some instances, trains operating in revenue service can pass an out-of-service train when a
side track is available to momentarily store the out-of-service train or when a crossover track
is available to divert the out-of-service train from the main track.

4) Single track operations

Train movements are highly constrained on segments where only one track is available for
trains travelling in both directions. Single track operation creates a bottleneck that requires
special consideration by the scheduler. The severity of the bottleneck is a function of the
length of the one-way track segment, the frequency of trains and the reduced operating speeds
that are typically required for single track operation.

For lower frequency operations such as commuter rail, it is possible that single track
operations may prove adequate. However, in Heavy Rail Transit (HRT) or Light Rail Transit
(LRT) systems with a higher volume of trains, single track operations are limited to short
segments. Safety concerns dictate that train operating speeds be reduced on these sections
and minimum spacing intervals be strictly enforced.

Double Double
Track Track
Single
Track

Example of a single track segment on a double track layout

In the example above, only one train at a time can enter and travel through a single track
segment. The time a train requires to travel the single track will affect the level of service that
can be provided. For example, a 3-minute requirement on the single track will dictate a
minimum 7- to 10-minute service frequency, depending on minimum spacing requirements.

5) Merging tracks and terminal point scheduling

A number of unique scheduling issues arise when two or more rail lines merge onto a single
alignment or “common track.” Most important are safety considerations. For the passenger,
common tracks can sometimes be confusing when multiple routes serve a common stop.

Perhaps the most significant potential bottleneck in the common track scenario is the terminal
point. Terminal rail stations are typically equipped with crossover tracks that allow trains to
enter, layover and depart the station without blocking one another. The crossover may be
located either forward of the station on the active line track or beyond the station on a “Wye”
or spur track. The configuration of the crossover track affects the number of trains that can be
accommodated at the terminal point.
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Terminal
Point Common Track

P

Crossover

Wye

Typical rail terminal point crossover options involving common track

Example: Crossing Over Two Lines Operating the Same Frequency at a Terminal Point

In the following illustration two rail lines, the Red Line and the Green Line terminate at Central
Station. Both lines share a common track for both the Central Station and one other station.
The scheduler must determine the desired pattern and spacing between trips operating on the
common track while maintaining a minimum policy spacing between trains of at least 2
minutes. Central Station consists of a center platform with a track on each side and a forward
crossover ahead of the platform. The scheduler intends that all trains inbound to Central Station
utilize Track 1, while outbound trains utilize Track 2.

The Red and Green Lines are intended to operate 15-minute headways during the day with a 10-
minute layover at Central Station. A straight forward option would be to introduce alternating
Red and Green Line trains onto the common track. Under optimal conditions, each would enter
the common track at 7- and 8-minute intervals.

Red Line train 01 is scheduled to arrive at Central Station at 5:10 a.m. The scheduler opts to
have this train cross over to Track 2 before entering Central Station for a 10-minute layover.
Green Line train 02 is due to arrive at Central Station at 5:17 a.m.

Time: 5:10 a.m.

7]

3

Central -

Station Train 02 &
<« Track1

> Track 2

Train 01

4
3

o

Inbound Track 1 Red Line train 01 arrives at central station at 5:10 a.m.

At 5:17 a.m., train 01 will still be laying over at Central Station occupying Track 2. The
scheduler determines that inbound Green Line train 02 can arrive at Central Station on Track 1
and remain on Track 1 for its 10-minute layover.
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At 5:20 a.m., Red Line train 01 is ready to begin an outbound trip. Since it is already on Track
2, it will proceed straight ahead. The next Red Line train 03, maintaining a 15 minute headway,
is due to arrive at Central Station at 5:25 a.m.

Time: 5:20 a.m.

v

Central Red Line Train 03 5
Station >
Green Line Train 02 Track 1 &

-“+&

B

>  Track 2

Red Line Train 0-1) %

2
<.
%

Outbound Red Line train 01 proceeds directly on track 1.

Since Track 2 at Central Station is now open for layover, inbound Red Line train 03 will move
from Track 1 to Track 2 at the crossover and layover on Track 2 (similar to Red Line train 01).

A pattern has now been established. Red Line trains arrive on Track 1 and crossover to Track 2
before pulling into Central station. Red Lines depart the station directly on Track 2. Green
Line trains also inbound on Track 1. However, they inbound directly into the station on Track
1, take a layover, then cross over to Track 2 for outbound departure.

An example Central Station train arrival and departure schedule is shown below. A minimum
of 2 minutes of train spacing is maintained and the predictable pattern minimizes passenger
confusion. However, the scheduler will likely have to coordinate train arrivals and departures at
outlying stations and switches, support timed transfers, and accommodate service level
adjustments over the course of the day. These issues may cause the predictable pattern to
vanish quickly .

Where different line headways, more frequent service and spacing increases are considered, the
scheduler often finds that the use of sophisticated automatic train control (ATC) systems and
higher capacity crossover and Wye tracks are needed to develop safe and effective schedules.

Central Station
Red and Green Line Arrivals and Departures

Line Train  Arr Arr Layover Layover Depart Depart
Hdwy Time Track Minutes Time Hdwy
Red 01 5:10 2 110 5:20
Green 02 5:17 1 110 5:27
Red 03 15 5:25 2 110 5:35 15
Green 04 15 5:32 1 :10 5:42 15
Red 05 15 5:40 2 :10 5:50 15
Green 06 15 5:47 1 110 5:57 15
Red 07 15 5:55 2 :10 6:05 15
Green 08 15 6:02 1 110 6:12 15
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Lv
MCC

5:43

6:18

6:48

7:24

8:00

8:40

9:29

10:29

11:29

12:29

1:29

2:32

3:36

4:36

5:45

6:15

6:45

7:23

8:00

9:00

Lv
WAS
5:04
5:21
5:31
5:57
6:02
6:11

6:32
6:41
7:02
7:02
7:11
7:38
7:39
7:55
8:14
8:09
8:14
8:29
8:54
9:00
9:11
9:41
9:53
10:11
10:41
10:52
11:10
11:40
11:52
12:10
12:40
12:52

2:44S

Route 110 /WESTbound

MYV

5:28

6:10

6:40

7:10

7:47

8:17
8:21

9:07

10:00

10:59

11:59

12:59

1:59

3:03

4:03

4:53

5:33

6:03

6:33

7:03

8:21

9:31
10:31

CKP

5:13

5:40

6:20

6:50

7:20

8:04

8:38

9:20

10:20

11:19

12:19

2:18

2:518

321

4:22

4:59

5:42

6:12

6:42

7:15

7:50

8:45

10:01

11:01

CLA
5:17
5:32
5:45
6:00
6:15
6:25
6:35
6:45
6:55
7:05
7:15
7:25
7:41
7:52
8:09
8:17
8:23
8:27
8:42
8:57
9:11
9:24
9:44
10:04
10:24
10:44
11:03
11:23
11:43
12:03
12:23
12:43
1:03
1:23
1:43
2:03
2:23
2:43

3:07
3:26
3:47
4.07
4:27
4:47
4:57
5:04

5:27
5:37
5:47
5:57
6:07
6:17
6:27

6:47
6:57
7:07
7:19
7:34
7:39
7:54
8:11
8:25
8:49
9:11
9:35
10:05
10:35
11:05

Arr
DVC
5:49
6:04
6:21
6:36
6:51

7:13
7:23
7:33
7:43
7:53
8:03

8:34
8:54
9:14
9:32

9:59

1:17
1:37
1:57
2:18
2:38
2:58
3:22

3:43
4:05
4:23
4:43
5:04
5:23
5:34
5:44
5:54
6:04
6:14
6:24
6:34
6:44
6:54
7:04
7:14
7:24
7:31
7:41

8:06
8:26

8:56
9:26

Arr Lv

CLT CON CON FRY

5:22 5:30 5:33 5:38

5:37 5:45 5:48 5:53

5:51 6:00 6:03 6:09

6:06 6:15 6:18 6:24

6:21 6:30 6:33 6:39

6:31 6:40 6:43 6:49

6:41 6:50 6:55 7:01

6:51 7:00 7:05 7:11

7:01 7:10 7:15 7:21

7:11 7:20 7:25 7:31

7:21 7:30 7:35 7:41

7:31 7:40 7:45 7:51

7:46 7:55 8:00 8:06

7:58 8:07 8:15 8:21

8:15 8:24 Out of service

8:23 8:32 8:35 8:41

8:29 8:38 Out of service

8:33 8:42 8:55 9:01

8:47 8:56 Out of service

9:02 9:11 9:13 9:19

9:16 9:25 Out of service

9:29 9:38 9:40 9:46

9:49 9:58 10:00 10:06 10:19
10:09 10:18 10:20  10:26  10:39
10:29 10:38 10:40 10:46  10:59
10:49  10:58 11:00 11:06 11:19
11:09  11:18 11:20  11:25  11:37
11:29 11:38 11:40 11:45  11:57
11:49  11:58 12:00 12:05 12:17
12:09 12:18 12:20  12:25  12:37
12:29 12:38 12:40 12:45 12:57
12:49  12:58 1:00 1:.05

1:09 1:18 1:20 1:25

1:29 1:38 1:40 1:45

1:49 1:58 2:00 2:05

2:09 2:18 2:20 2:25

2:29 2:39 2:40 2:45

2:49 2:59 3:04 3:09

(School Days Only)

3:.13 3:23 3:25 3:30

3:32 3:42 3:47 3:52

3:53 4:03 4:05 4:10

4:13 4:23 4:25 4:30

4:33 4:43 4:46 4:51

4:53 5:03 5:05 5:10

5:03 5:13 5:15 5:21

5:10 5:20 5:25 5:31

Into service 5:35 5:41

5:33 5:43 5:45 5:51

5:43 5:53 5:55 6:01

5:53 6:03 6:05 6:11

6:03 6:13 6:15 6:21

6:13 6:23 6:25 6:31

6:23 6:33 6:35 6:41

6:33 6:43 6:45 6:51

6:43 6:53 6:55 7:01

6:53 7:03 7:05 7:11

7:03 7:11 7:15 7:20

7:13 7:21 7:25 7:30

7:24 7:32 Out of service

7:39 7:47 7:50 7:55

7:44 7:52 Out of service

7:59 8:07 8:10 8:15

8:16 8:24 Out of service

8:30 8:38 8:40 8:45

8:53 9:01 9:10 9:15

9:16 9:24

9:40 9:48 9:50 9:55  10:06
10:10  10:18 Out of service
10:40 10:48 Out of service
11:10  11:18 Out of service
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Route 110 /EASTbound

Trip Lv Arr Lv Arr Arr
# Via DVC CLD CON CON CLT CLA CKP MYV WAS MCC
1E P Into service 4:43 4:49 4:53 4:57 5:04
2E K Into service 4:59 5:05 5:09 5:13 5:21
3E P Into service 5:05 5:11 5:15 5:19 5:27
4E M Into service 5:21 5:27 5:31 5:34 5:42
5E K Into service 5:36 5:44 5:49 5:53 6:02
6E P Into service 5:45 5:53 5:58 6:03 6:11
7E M 5:30 5:40 5:46 5:52 6:00 6:05 6:09 6:17
8E K 5:44 5:55 6:02 6:06 6:14 6:19 6:23 6:32
9E P 5:54 6:05 6:12 6:15 6:23 6:28 6:33 6:41
10E M 6:00 6:11 6:18 6:22 6:30 6:35 6:39 6:47
11E K 6:14 6:25 6:32 6:36 6:44 6:49 6:53 7:02
12E P 6:23 6:34 6:41 6:45 6:53 6:58 7:03 7:11
13E M 6:38 6:49 6:56 6:58 7:06 7:11 7:15 7:23
14E K 6:53 7:04 7:11 7:13 7:21 7:26 7:30 7:39
15E P 7:08 7:19 7:26 7:29 7:37 7:42 7:47 7:55
16E M 7:14 7:25 7:32 7:34 7:42 7:47 7:47 7:55
17E K 7:24 7:35 7:42 7:43 7:51 7:56 8:00 8:09
18E K 7:34 7:45 7:52 7:53 8:00 8:04 8:07 8:14
19E P 7:44 7:55 8:02 8:04 8:12 8:17 8:22 8:29
20E M 7:55 8:06 8:13 8:15 8:23 8:28 8:32 8:40
21E K 8:10 8:21 8:28 8:30 8:38 8:43 8:47 8:55
22E P 8:25 8:36 8:43 8:45 8:53 8:58 9:02 9:09
23E M 8:45 8:56 9:03 9:05 9:13 9:18 9:21 9:29
24E K 9:05 9:16 9:23 9:25 9:33 9:38 9:42 9:50
25E P 9:25 9:36 9:43 9:45 9:53 9:58 10:02 10:09
26E M 9:45 9:56 10:03 10:05 10:13 10:18 10:21 10:29
27E K 10:05 10:16 10:22 10:25 10:38 10:42 10:42 10:50
28E P 10:25 10:36 10:42 10:45 10:53 10:58 11:02 11:09
29E M 10:45 10:56 11:02 11:05 11:13 11:18 11:21 11:29
30E K 11:05 11:16 11:22 11:25 11:33 11:38 11:42 11:50
31E P 11:25 11:36 11:42 11:45 11:53 11:58 12:02 12:09
32E M 11:45 11:56 12:02 12:05 12:13 12:18 12:21 12:29
33E K 12:05 12:16 12:22 12:25 12:33 12:38 12:42 12:49
34E P 12:25 12:36 12:42 12:45 12:53 12:58 1:02 1:09
35E M 12:45 12:56 1:02 1:05 1:13 1:18 1:21 1:29
36k K 1:05 1:16 1:22 1:25 1:33 1:38 1:42 1:49
37E P 1:25 1:36 1:42 1:45 1:53 1:58 2:02 2:09
38E M 1:45 1:56 2:02 2:05 2:13 2:18 2:21 2:29
39E K 2:01 2:14 2:21 2:24 2:33 2:39 2:44 2:54
40E P 2:20 2:33 2:40 2:43 2:52 2:58 3:03 3:12
41E M 2:40 2:53 3:00 3:03 3:12 3:18 3:22 3:36
42E K 3:00 3:13 3:20 3:24 3:33 3:39 3:44 3:54
43E P 3:20 3:33 3:40 3:44 3:53 3:59 4:04 4:13
44E M 3:40 3:53 4:00 4:02 4:11 4:17 4:21 4:35
45E K Into service 4:12 4:22 4:29 4:34 4:44
46E P 3:55 4:08 4:16 4:20 4:30 4:37 4:42 4:50
47E M 4:15 4:28 4:36 4:40 4:50 4:57 5:00 5:14
48E K Into service 4:50 5:00 5.07 5:12 5:22
49E P 4:35 4:48 4:56 5:00 5:10 5:17 5:22 5:30
50E M Into service 5:10 5:20 5:27 5:30 5:44
51E K 4:55 5:08 5:16 5:20 5:30 5:37 5:42 5:52
52E P Into service 5:30 5:40 5:47 5:52 6:00
53E M 5:15 5:28 5:36 5:40 5:50 5:57 6:00 6:14
54E K 5:25 5:38 5:46 5:50 6:00 6:07 6:12 6:22
55E P 5:35 5:48 5:56 6:00 6:10 6:17 6:22 6:30
56E M 5:45 5:58 6:00 6:10 6:20 6:27 6:30 6:44
57E K 5:55 6:08 6:16 6:20 6:30 6:37 6:42 6:52
58E P 6:05 6:18 6:26 6:30 6:40 6:47 6:52 7:00
59E M 6:20 6:33 6:41 6:45 6:55 7:02 7:05 7:17
60E P 6:35 6:48 6:56 7:00 7:07 7:12 7:16 7:24
61E K 6:50 7:03 7:11 7:15 7:22 7:27 7:31 7:38
62E M 7:10 7:21 7:27 7:30 7:37 7:42 7:45 7:57
63E K 7:30 7:41 7:47 7:50 7:57 8:02 8:06 8:14
64E P 7:50 8:01 8:07 8:10 8:17 8:22 8:26 8:33
65E M 8:10 8:21 8:27 8:30 8:37 8:42 8:45 8:57
66E K 8:40 8:51 8:57 9:00 9:07 9:12 9:16 9:24
67E P 9:10 9:21 9:27 9:30 9:37 9:42 9:46 9:53
68E K 9:40 9:51 9:57 10:00 10:07 10:12 10:16 10:24
69E P 10:10 10:21 10:27 10:30 10:37 10:42 10:46 10:53
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CHAPTER 2: EXERCISES

+  Prepare a Route 110 master schedule (both directions) for Saturdays. Use the following assumptions:

°  Hours of operation: Begin service at approximately 7:00 a.m. and end service at approximately 10:00
p.m.
° Headways: Operate a 30-minute trunk headway until approximately 7:00 p.m. and a 60-

minute headway thereafter. Operate alternating service on the “K” and “P”
branches only. Do not serve the “M” branch.

°  Running Times: Use weekday base period running times in both directions until 3:00 p.m. and
after 6:00 p.m. Use peak weekday running times between 3:00 p.m. and 6:00
p-m.

°  Controlling Time Points: Coordinate buses with train arrivals and departures at CON to the maximum
extent possible. Assume that eastbound trains arrive at :02, :17, :32 and :47 and

that westbound trains depart at :08, :23, :38 and :53 after the hour.
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CHAPTER 2: EXERCISE ANSWER SHEET

Trip

# Via

1E
2E
3E
4t
5E
6k
7E
8E
9E
10E
11E
12E
13E
14E
15E
16E
17E
18E
19E
20E
21E
22E
23E
24E
25E
26E
27E
28E
29E

CATRTARA TR TITAIARAUVUARATVRIVDARATAOVDADARATRTRTT,

Master Schedule - Route 110 Saturday Service

The following Master Schedule for Route 110 Saturday service presents one possible answer. It
satisfies the frequency, branching and running time specifications. It also starts in each direction at
approximately 7:00 a.m. and ends in each direction at approximately 10:00 p.m.

The actual start and end times were controlled by the desire to meet the train schedule as often as
possible. The Saturday layovers at CON are considerably longer than weekday layovers when the
service better matches the frequency of the trains. A train connection matrix is shown below.

Lv Arr Lv Arr Arr Trip Lv Lv Arr Lv Arr
DVC CLD CON CON CLT CLA CKP MYV.WAS MCC # Via MCC WAS MYV CKP CLA CLT CON CON FRY DVC
..o 1w P 6:54 7:01 7:05 7:10 7:19 7:34 7:40 7:53
Into Service 6:55 7:03 7:08 7:12 7:19 2W K 7:24 7:33 7:37 7:42 7:51 8:04 8:10 8:23
Into Service  7:25 7:33 7:38 7:42 7:50 3W P 7:54 8:01 8:05 810 8:19 8:34 8:40 8:53
Into Service 7:55 8:03 8:08 8:12 8:19 4W K 8:24 8:33 8:37 8:42 8:51 9:04 9:10 9:23
7:58 8:09 8:15 8:25 8:33 8:38 8:42 8:50 5W P 8:54 9:01 9:05 9:10 9:19 9:34 9:40 9:53
8:28 8:39 8:45 8:55 9:03 9:08 9:12 9:19 BW K 9:24 9:33 9:37 9:42 9:51 10:04 10:10 10:23
8:58 9:09 9:15 9:25 9:33 9:38 9:42 9:50 7W P 9:54 10:01 10:05 10:10 10:19 10:34 10:40 10:53
9:28 9:39 9:45 9:55 10:03 10:08 10:12 10:19 8W K 10:24 10:33 10:37 10:42 10:51 11:04 11:10 11:23
9:58 10:09 10:15 10:25 10:33 10:38 10:42 10:50 9w P 10:54 11:01 11:05 11:10 11:19 11:34 11:40 11:53
10:28 10:39 10:45 10:55 11:03 11:08 11:1211:19 10W K 11:24 11:33 11:37 11:42 11:51 12:04 12:10 12:23
10:58 11:09 11:15 11:25 11:33 11:38 11:42 11:50 11W P 11:54 12:01 12:05 12:10 12:19 12:34 12:40 12:53
11:28 11:39 11:45 11:55 12:03 12:08 12:1212:19 12W K 12:24 12:33 12:37 12:42 12:51 13:04 13:10 13:23
11:58 12:09 12:15 12:25 12:33 12:38 12:42 12:50 13W P 12:54 13:01 13:05 13:10 13:19 13:34 13:40 13:53
12:28 12:39 12:45 12:55 13:03 13:08 13:1213:19 14W K 13:24 13:33 13:37 13:42 13:51 14:04 14:10 14:23
12:58 13:09 13:15 13:25 13:33 13:38 13:42 13:50 15W P 13:54 14:01 14:05 14:10 14:19 14:34 14:40 14:53
13:28 13:39 13:45 13:55 14:03 14:08 14:12 14:19 16W K 14:24 14:33 14:37 14:42 14:51 15:04 15:10 15:23
13:58 14:09 14:15 14:25 14:33 14:38 14:42 14:50 17W P 14:54 15:01 15:05 15:11 15:21 15:34 15:40 15:53
14:28 14:39 14:45 14:53 15:03 15:10 15:15 15:23 18W K 15:23 15:32 15:37 15:43 15:53 16:04 16:10 16:23
14:57 15:08 15:16 15:23 15:33 15:40 15:45 15:55 19W P 15:55 16:02 16:06 16:12 16:22 16:34 16:40 16:53
15:25 15:38 15:46 15:53 16:03 16:10 16:15 16:23 20W K 16:23 16:32 16:37 16:43 16:53 17:04 17:10 17:23
15:55 16:08 16:16 16:23 16:33 16:40 16:45 16:55 21W P 16:55 17:02 17:06 17:12 17:22 17:34 17:40 17:53
16:25 16:38 16:46 16:54 17:04 17:11 17:16 17:24 2W K 17:24 17:33 17:38 17:44 17:52 18:04 18:10 18:23
16:55 17:08 17:16 17:24 17:34 17:41 17:46 17:56 23W P 17:56 18:03 18:07 18:12 18:21 18:34 18:40 18:53
17:25 17:38 17:46 17:54 18:04 18:11 18:16 18:24 24W K 18:24 18:33 18:37 18:42 18:51 19:04 19:10 19:23
17:58 18:09 18:15 18:25 18:33 18:38 18:42 18:50 25W P 18:54 19:01 19:05 19:10 19:19 19:34 19:40 19:53
18:28 18:39 18:45 18:55 19:03 19:08 19:12 19:19 .o LT T T L
18:58 19:09 19:15 19:25 19:33 19:38 19:42 19:50 26W K 19:54 20:03 20:07 20:12 20:21 20:34 20:40 20:53
19:58 20:09 20:15 20:25 20:33 20:38 20:42 20:49 27W P 20:54 21:01 21:05 21:10 21:19 21:34 21:40 21:53
20:58 21:09 21:15 21:25 21:33 21:38 21:42 21:50 .o oL
21:58 22:09 22:15 - - - - - - e
TRAIN
BUS Eastbound Westbound

Eastbound Route 110 arrival at CON 115 -:16 17 Lv :23 Lv

145 -:46 47 Lv 53 Lv

Eastbound Route 110 departure from CON  :23 -:25 17 Arr 23 Arr

:53 -:55 47 Arr :53 Arr

Westbound Route 110 arrival at CON :19 -:23 :32 Lv :23 Lv

:51 -:54 :02 Lv :53 Lv

Westbound Route 110 departure from CON :04 :02 Arr :53 Arr

:34 32 Arr :23 Arr
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Notes:



CHAPTER 3

BLOCKING

Advanced Section
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I. Introduction

In urban settings, routes are seldom designed to offer the same headway and running time throughout
the day. Most urban routes are designed with complexities that include multiple terminals, variable
running times, headway variations between peak and midday service, “extra” trips for school service,
mid-route recovery at a timed transfer or rail station location and route interlining. Route 110,
containing many of these complexities, will be blocked in this chapter.

The basic skills involved in blocking a more complex route are the same as for a simple route. Trips are
“hooked” or linked together into vehicle assignments based on the requirement for layover and recovery
time and the goal of minimizing the number of required vehicles. It is necessary to keep in mind a few
basic rules when blocking these more complex routes:

II. Basic Blocking Rules

* Route variations are generally interlined only at common terminals. For example, departing
Route 110 trips from the common terminal DVC may serve any of the three route variations. Route
110 has two principal pull-on and pull-off terminals, one at DVC and one at the rail station (CON).
Most trips serve both terminals, but peak trips may begin or end at the rail station. There are two
“outer” terminals, one at Washington and Clayton (WAS) and one at Marsh Creek Circle (MCC).
Trips that arrive at a particular terminal would leave from that terminal in revenue service, rather
than deadheading from one terminal to another.

*  For a route with multiple terminals, it is desirable to make space for more than one terminal
on the blocking sheet. A recommended format follows the Route 110 master schedule shown in

the following pages.

* Some blocks are likely to operate only during peak service, while other blocks will provide
service throughout the day. When initially linking trips into a block, trips are hooked until there is
either too little recovery time to comply with labor contract requirements or too much recovery time
to be economically viable. Some peak blocks may make only a single trip to augment peak period
service or to add service during school peaks. Although single trips may serve an important need,
single trip blocks are costly, especially when they require a dedicated peak vehicle. Interlining with
another block is almost always desirable.

* It is not necessary to provide recovery time at both ends of the route. For Route 110, recovery
is generally made at DVC or the rail station (CON). Since this route is designed to meet trains,
some layover is planned at the rail station regardless of whether this is actually a terminal for some
trips. A target total of between 5 and 10 minutes of layover is to be included for each round trip,
including time given at DVC, the outer terminals and the rail station.

* Tracking trip assignments to blocks on the master schedule reduces the chance of error. A
common mistake occurs when the scheduler inadvertently misses single trips in the blocking thread.
If not caught in time, this could result in extensive reworking.

The following pages contain the master schedule (headway sheet) for Route 110 (by direction) and a
blocking sheet form which displays multiple terminals. The initial set of blocks will be developed
from the master schedule and recorded on the blocking sheet form.
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A. Route 110 master schedule - westbound

Trip
#
1w
2W
3w
4W
5W
6w
7W
8W
9w
10W
11W
12W
13W
14W
15W
16W
17W
18W
19W
20W
21W
22W
23W
24W
25W
26W
27W
28W
29W
3ow
31W
32w
33w
34W
35w
36W
37W
38W
39w
40W
41W
42W
43W
44W
45w
46W
47W
48W
49w
50w
51W
52W
53W
54W
55W
56W
57W
58W
59w
60W
61W
62W
63W
64W
65W
66W
67W
68W
69W
70W
71W

<
s

AR OXDEZRDVZIRADIARVZIR0ZIARTZIxDL! x9Xx0Zx0xLx0Lx0ix0ix0ix09ix0lAxT0Lx0ZLxvEIXxTvIRvIRDTR 3

Lv
MCC

5:43

6:18

6:48

7:24

8:00

8:40

9:29

10:29

11:29

12:29

1:29

2:32

3:36

4:36

5:15

5:45

6:15

6:45

7:23

8:00

9:00

Lv
WAS
5:04
5:21
5:31
5:57
6:02
6:11
6:32
6:32
6:41
7:02
7:02
7:11
7:38
7:39
7:55
8:14
8:09
8:14
8:29
8:54
9:00
9:11
9:41
9:53
10:11
10:41
10:52
11:10
11:40
11:52
12:10
12:40
12:52
1:10
1:40
1:52
2:09
2:40
2:44S
2:54
3:12
3:44
3:54
4:13
4:44
4:45
4:50

AR AR AR AR AR
[CENCRSEERERIECEN)
o @G wwaw

SARARSN
n G w
G w

7:07
7:31
7:28
7:42
8:08
8:14
8:37
9:08
9:24
9:53
10:24
10:53

MYV
5:28

6:10

6:40

7:10

7:47

9:07

10:00

10:59

11:59

12:59

1:59

3:03

4:03

4:53

5:33

6:03

6:33

7:03

7:35

8:21

9:31
10:31

CKP

5:13

5:40

6:20

6:50

7:20

8:04

8:38

9:20

10:20

11:19

12:19

1:19

2:18
2:51S
3:21

4:22

4:59

5:42

6:42

7:15

7:50

8:45

10:01
11:01

CLA
5:17
5:32
5:45
6:00
6:15
6:25
6:35
6:45
6:55
7:05
7:15
7:25
7:41
7:52
8:09
8:17
8:23
8:27
8:42
8:57
911
9:24
9:44
10:04
10:24
10:44
11:03
11:23
11:43
12:03
12:23
12:43
1:03
1:23
1:43
2:03
2:23
2:43

3:.07
3:26
3:47
4:07
4:27
4:47
4:57
5:04

5:27
5:37
5:47
5:57
6:07
6:17
6:27
6:37
6:47
6:57
7:07
7:19
7:34
7:39
7:54
8:11
8:25
8:49
9:11
9:35
10:05
10:35
11:05

CLT
5:22
5:37
5:51
6:06
6:21
6:31
6:41
6:51
7:01
7:11
7:21
7:31
7:46
7:58
8:15
8:23
8:29
8:33
8:47
9:02
9:16
9:29
9:49

10:09
10:29
10:49
11:09
11:29
11:49
12:09
12:29
12:49

1:09
1:29
1:49
2:09

BN
o O

ARl et

= OUTW=Urw—
OWWWWwWwN W

5:33
5:43
5:53
6:03
6:13
6:23
6:33
6:43
6:53
7:03
7:13
7:24
7:39
7:44
7:59
8:16
8:30
8:53
9:16
9:40
10:10
10:40
11:10

Route 110 /WESTbound

Arr
CON
5:30
5:45
6:00
6:15
6:30
6:40
6:50
7:00
7:10
7:20
7:30
7:40
7:55
8:07
8:24
8:32
8:38
8:42
8:56
9:11
9:25
9:38
9:58
10:18
10:38
10:58
11:18
11:38
11:58
12:18
12:38
12:58
1:18
1:38
1:58
2:18
2:39
2:59

3:23
3:42
4:03
4:23
4:43
5:03

hARA
o =
oW

AR AR AR AR AR
VEWN=DL R
DL WWHww

NN
N =0
eyt

7:32
7:47
7:52
8:07
8:24
8:38
9:01
9:24
9:48
10:18
10:48
11:18

Lv Arr
CON FRY DVC
5:33 5:38 5:49
5:48 5:53 6:04
6:03 6:09 6:21
6:18 6:24 6:36
6:33 6:39 6:51
6:43 6:49 7:01
6:55 7:01 7:13
7:05 7:11 7:23
7:15 7:21 7:33
7:25 7:31 7:43
7:35 7:41 7:53
7:45 7:51 8:03
8:00 8:06 8:18
8:15 8:21 8:34
Out of service
8:35 8:41 8:54
Out of service
8:55 9:01 9:14
Out of service
9:13 9:19 9:32
Out of service
9:40 9:46 9:59
10:00 10:06 10:19
10:20  10:26  10:39
10:40 10:46  10:59
11:.00 11:06 11:19
11:20  11:25  11:37
11:40 11:45  11:57
12:00 12:05 12:17
12:20 12:25 12:37
12:40 12:45 12:57
1:00 1:05 1:17
1:20 1:25 1:37
1:40 1:45 1:57
2:00 2:05 2:18
2:20 2:25 2:38
2:40 2:45 2:58
3:04 3:09 3:22
3:25 3:30 3:43
3:47 3:52 4:05
4:05 4:10 4:23
4:25 4:30 4:43
4:46 4:51 5:04
5:05 5:10 5:23
5:15 5:21 5:34
5:25 5:31 5:44
5:35 5:41 5:54
5:45 5:51 6:04
5:55 6:01 6:14
6:05 6:11 6:24
6:15 6:21 6:34
6:25 6:31 6:44
6:35 6:41 6:54
6:45 6:51 7:04
6:55 7:01 7:14
7:05 7:11 7:24
7:15 7:20 7:31
7:25 7:30 7:41
Out of service
7:50 7:55 8:06
Out of service
8:10 8:15 8:26
Out of service
8:40 8:45 8:56
9:10 9:15 9:26
9:50 9:55  10:06

Out of service
Out of service
Out of service
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B. Route 110 master schedule - eastbound

Trip Lv Arr Lv Arr Arr
# Via DVC CLD CON CON CLT CLA CKP MYV WAS MCC
1E P 4:43 4:49 4:53 4:57 5:04
2E K 4:59 5:05 5:09 5:13 5:21
3E P 5:05 5:11 5:15 5:19 5:27
4E M 5:21 5:27 5:31 5:34 5:42
5E K 5:36 5:44 5:49 5:53 6:02
6E P 5:45 5:53 5:58 6:03 6:11
7E M 5:30 5:40 5:46 5:52 6:00 6:05 6:09 6:17
8E K 5:44 5:55 6:02 6:06 6:14 6:19 6:23 6:32
9E P 5:54 6:05 6:12 6:15 6:23 6:28 6:33 6:41
10E M 6:00 6:11 6:18 6:22 6:30 6:35 6:39 6:47
11E K 6:14 6:25 6:32 6:36 6:44 6:49 6:53 7:02
12E P 6:23 6:34 6:41 6:45 6:53 6:58 7:03 7:11
13E M 6:38 6:49 6:56 6:58 7:06 7:11 7:15 7:23
14E K 6:53 7:04 7:11 7:13 7:21 7:26 7:30 7:39
15E P 7:08 7:19 7:26 7:29 7:37 7:42 7:47 7:55
16E M 7:14 7:25 7:32 7:34 7:42 7:47 7:47 7:55
17E K 7:24 7:35 7:42 7:43 7:51 7:56 8:00 8:09
18E K 7:34 7:45 7:52 7:53 8:00 8:04 8:07 8:14
19E P 7:44 7:55 8:02 8:04 8:12 8:17 8:22 8:29
20E M 7:55 8:06 8:13 8:15 8:23 8:28 8:32 8:40
21E K 8:10 8:21 8:28 8:30 8:38 8:43 8:47 8:55 )
22E P 8:25 8:36 8:43 8:45 8:53 8:58 9:02 9:09
23E M 8:45 8:56 9:03 9:05 9:13 9:18 9:21 9:29
24E K 9:05 9:16 9:23 9:25 9:33 9:38 9:42 9:50
25E P 9:25 9:36 9:43 9:45 9:53 9:58 10:02 10:09
26E M 9:45 9:56 10:03 10:05 10:13 10:18 10:21 10:29
27E K 10:05 10:16 10:22 10:25 10:38 10:42 10:42 10:50
28E P 10:25 10:36 10:42 10:45 10:53 10:58 11:02 11:09
29E M 10:45 10:56 11:02 11:05 11:13 11:18 11:21 11:29
30E K 11:05 11:16 11:22 11:25 11:33 11:38 11:42 11:50
31E P 11:25 11:36 11:42 11:45 11:53 11:58 12:02 12:09
32E M 11:45 11:56 12:02 12:05 12:13 12:18 12:21 12:29
33E K 12:05 12:16 12:22 12:25 12:33 12:38 12:42 12:49
34E P 12:25 12:36 12:42 12:45 12:53 12:58 1:02 1:09
35E M 12:45 12:56 1:02 1:05 1:13 1:18 1:21 1:29
36E K 1:05 1:16 1:22 1:25 1:33 1:38 1:42 1:49
37E P 1:25 1:36 1:42 1:45 1:53 1:58 2:02 2:09
38E M 1:45 1:56 2:02 2:05 2:13 2:18 2:21 2:29
39E K 2:01 2:14 2:21 2:24 2:33 2:39 2:44 2:54
40E P 2:20 2:33 2:40 2:43 2:52 2:58 3:03 3:12
41E M 2:40 2:53 3:00 3:03 3:12 3:18 3:22 3:36
42E K 3:00 3:13 3:20 371 3:33 3:39 3:44 3:54
43E P 3:20 3:33 3:40 3ia4 3:53 3:59 4:04 4:13
44E M 3:40 3:53 4:00 4:02 4:11 4:.17 4:21 4:35
45E K 4:12 4:22 4:29 4:34 4:44
46E P 3:55 4:08 4:16 4:20 4:30 4:37 4:42 4:50
47E M 4:15 4:28 4:36 4:40 4:50 4:57 5:00 5:14
48E K 4:50 5:00 5:07 5:12 5:22
49E P 4:35 4:48 4:56 5:00 5:10 5:17 5:22 5:30
50E M 5:10 5:20 5:27 5:30 5:44
51E K 4:55 5:08 5:16 5:20 5:30 5:37 5:42 5:52
52E P 5:30 5:40 5:47 5:52 6:00
53E M 5:15 5:28 5:36 5:40 5:50 5:57 6:00 6:14
S54E K 5:25 5:38 5:46 5:50 6:00 6:07 6:12 6:22
55E P 5:35 5:48 5:56 6:00 6:10 6:17 6:22 6:30
56E M 5:45 5:58 6:00 6:10 6:20 6:27 6:30 6:44
57E K 5:55 6:08 6:16 6:20 6:30 6:37 6:42 6:52
58E P 6:05 6:18 6:26 6:30 6:40 6:47 6:52 7:00
59E M 6:20 6:33 6:41 6:45 6:55 7:02 7:05 7:17
60E P 6:35 6:48 6:56 7:00 7:07 7:12 7:16 7:24
61E K 6:50 7:03 7:11 7:15 7:22 7:27 7:31 7:38
62E M 7:10 7:21 7:27 7:30 7:37 7:42 7:45 7:57
63E K 7:30 7:41 7:47 7:50 7:57 8:02 8:06 8:14
64E P 7:50 8:01 8:07 8:10 8:17 8:22 8:26 8:33
65E M 8:10 8:21 8:27 8:30 8:37 8:42 8:45 8:57
66E K 8:40 8:51 8:57 9:00 9:07 9:12 9:16 9:24
67E P 2:10 9:21 9:27 9:30 9:37 9:42 9:46 9:53
68E K 9:40 9:51 9:57 10:00 10:07 10:12 10:16 10:24
69E P 10:10 10:21 10:27 10:30 10:37 10:42 10:46 10:53

Route 110 /EASTbound
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C. Sample blocking sheet - multiple terminals

BLOCKING SHEET
Multiple Terminals

Route #: Special Instructions:
Date:
Scheduler:
Inbound Outbound
Block Depart Depart Arrive Arrive Depart Depart Arrive Arrive
No Outer Outer Inner Inner Inner Inner Outer Quter
- Terminal | Terminal | Terminal | Terminal | Terminal | Terminal | Terminal | Terminal

A sample blocking sheet (multiple terminals) form




Advanced Chapter 3/ Blocking
b "

III. Beginning the Blocking Process for Route 110

Page 65

The first eastbound Route 110 trip 1E leaves the rail station (CON) at 4:43 a.m., arriving at Washington
and Clayton (WAS) at 5:04 a.m. Trip 1W departs from WAS at 5:04 a.m., arriving at DVC at 5:49 a.m.
By taking no layover at WAS, 1E can be hooked to 1W and together form the first two trips of Block 1.
Logical hooks for Block 1 continue as shown and are summarized on the blocking sheet that follows.
The hooks occur smoothly because blocking considerations were taken into account by the scheduler
during the trip generation process.

Trip
#

1E
2E
3E
4E
SE
6E
7E
8E
9t
10E
11E
12E
13E
14E
15E
16E
17E
18E
19E
20E
21E
22E
23E
24E
25E
26E
27E
28E
29E

Trip
#
W
2w
3W
4w
5wW
6W
7W
8W
9w
10w
1w
12W
13W
14W
15W
16W
17W
18W
19W
20W
21W
22W
23W
24W
25W
26W
27W
28W

Via

x09EXxVELRVEZRVvEIA LR vERTVEIxTvIXxOR

Lv Arr Lv Arr Arr
Via DVC CLD CON CON CLT CLA CKP MYV WAS MCC
P ® 4:43 ’ 4:49 4:53 4:57 5:04
K 4:59 5:05 5:09 5:13 5:21,°7
P 5:05 5:11 5:15 5:19 5,27
M 521 527 531 A34 542
K 5:36 5:44 5:49 5:53 6:02
P 5:45 5:53 5:58 6:03~ 6:11
M 5:30 5:40 5:46 5:52 6:00 6:05 P 6:09 6:17
K 5:44 5:55 6:02 6:06 6:14 6:19 6:23 .7 6:32
P LY} > 6-(18 612 618 6093 H-28 L £33 (41
M ~6:00 6:11 6:18 6:22 6:30 6:35 P4 6:39,°  6:47
K 6™ 6:25 6:32 6:36 6:44 6:49 6653 7,02
P 6:23° N 6:34 6:41 6:45 6:53 6:58 7 7:03 7:11
M 6:38  “&:49 6:56 6:58 7:06 711 ¢ 7:15 7:23
K 6:53 7:04 7:11 7:13 7:21 7:28 7:30 4 7:39
P 7:08 7:19 N ( 7:26 7:29 7:37 742 747 7:55
M 7:14 7:25 32 7:34 7:42 s 7:47 , 4 7:47 7:55
K 7:24 7:35 743, 7:43 7:51,7 7:56 8:00 »~ 8:09
K 7-3 7-45 7-09 N 7.03 8-07 3.04 38.077 8-14
P s 744 7:55 8:02 Q4 812 8:17 P 8:22 8:29,°
M 7:55_ 8:06 8:13 8:15v 7 8:23 8:28 . 8,32 8:40
K 8:10 ~ N 8:21 8:28 8:30 7 ~ 8:38 8:43 7 8:47 A:55
P 8:25 8:36 8:43 8:4% 853 8:58 9:02 9:09
M 8:45 8:36. . 9:03 , 505 913~ 948 L’ 9:21 9:29
K 9:05 9:16 "~ 923, 925 9:33 A9:38 9:42 ’, 9:50
P 9.2g 9.34 g3 2 .. 945 9:53 .7 o'zg 1002 . 10-09
M ~Q:45 9:56 10:8T < 10:05 10:13 10:18 " ~ . 10:21,° 10:29
K 10:85  10:16 36:2. “ws 10:38 10:42 N O:il}’ 10,50
P 10:25 ~ \1 0:36 7 10:42 1046 ,10:53 10:58 R 11:02 W09
M 10:45 56 11:02 11:05>« 11:13 11:18 S 1:21 11:29
Y ’ ~ ’ ~ /
7 ~ < , 4 ~ N ’ ~ <
’ N , ’ ,
Lv L AN P SNo L7 Arr Lv * L Arr
MCC WAS MYV SCKP CLA CLT »™ CON COM FRY “QVC
‘s 22138 517 5.27 530 243 238 __ag
5:21 5:28 ,° o 5:32 ,3’:37 5:45 ™ S 7z 5:48 5:53 6:04
5:31 e 5:40 S:45 ,75:51 6:00 ,">&:03 6:09 6:21
5:43 5:57 ’ 6:0(5 7 6:06 6:1% 6:T8 6:24 6:36
6:02  ,”6:10 6:¥5 ~ . 6:21 6230 6:33 > (6:39 6:51
6:11 » 6:20 625 31, 76:40 6:43 8:49 7:01
6:18 6:327 ,7 6:35 6:4Y ¢  6:50 6:55 7:0™ 7:13
6732 6:40 , 6:45 6:57 ~ \7:00 7:05 7:11 223
‘_’5&_) .30 £:35 701 210 Z15 z:21 Z33
6:48 7:02 ’ 7:05 » 7:11 7:208  7:25 7:31 7:43
7:02 7:10 ¢ 7:15,7  7:21 7:30 S 7:35 7:41 7:53
7:11 L’ 7:20 7:25 7:31 7:40 5 7:51 8:03
7:24  7:38 P 741 7:46 755 8:00~_ 8:06  8:18
7:39 7747 ,7 752 7:58 8:07 8:15 “8:21 8:34
7:55 + 8:047 809 8:15  8:24 Outofservice ~«
8:00 8:147 ’ 8:17 8:23 8:32 8:35 8:41 VB:54
809 8:17 » 8:23 8:29 8:38 Out of service A
814 ) 8.21 .7 8.27 8:33 §:42 8:55 2:01 9. 14,
8:29 i 8:38 8:42 8:47 8:56 Out of service
8:40 8:54 , 8:57 9:02 9:11 9:13 9:19 9:32
9:00 79:07 9:11 9:16 9:25 Out of service
92:11 » 9:20 9:24 9:29 9:38 9:40 9:46 9:59
9:29 9:417 9:44 9:49 9:58 10:00 10:06 10:19
¥53 10:00 10:04 10:09 10:18 10:20  10:26  10:39
i 10:20 10:24 14:29 10:38 10-40 10.46 10:59
10:29 10:41 10:44 10:49  10:58 11:00 11:06 11:19
10:52 10:59 11:03 11:09 11:18 11:20 11:25 11:37
11:10 11:19 11:23 11:29 11:38 11:40 11:45 11:57

Blocking Route 110 begins with Block 1.
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Completing Block 1 Route 110

Trip
#

30E
31E
32E
33t
34t
35E
36E
37E
38E
39E
40E
41E
42E
43E
44E
45E
46E
47E
48E
49E
50E
51E
52E
53E
54E
55E
56E
57E
58E

Tx0Zx0ZRx9ZxVL! xvixvER DAL ARDERVEIx0X

Lv Arr Lv Arr Arr
Via DVC CLD CON CON CLT CLA CKP MYV WAS MCC
K 1 ;“5’ 11.16 11:.22 11.25 11:33 11,33 1142 11.50
P 11:25 11:36 11:42 11:45 11:53 11:58 12:02 12:09,°
M 11:45 11:56 12:02 12:05 12:13 12:18 12:27 12:29
K 12:05 12:16 12:22 12:25 12:33 12:38 12:42 12:719
P 12:25 12:36 12:42 12:45 12:53 12:58 1:02 A2 1:09
M ‘_J_zﬁ_)j’)'% ) 1.05 113 118 121 1.29
K ~ 1:05 1:16 1:22 1:25 1:33 1:38 1:42 4 1:49 P
P Y25 1:36 1:42 1:45 1:53 1:58 %62 2:09 L7
M 1:45  1:56 2:02 2:05 2:13 2:18 P 2:21 52:29
K 2:01 '~ 2:14 2:21 2:24 2:33 2:39 2:44 , 2:54 4
P 220 % ~2:33 2:40 2:43 2.52 2.58 4 3:.03 317
M T~ 2:40 2:53 3:00 3:03 3:12 3:18 . ,3:22,7 3:36
K 3:00 313 s 3:20 3:24 3:33 3:39 7344 ’, 3:?4
P 3:20 333 N 3:40 3:44 3:53 3:59 4:.047 413
M 3:40 '~ 3:53 £00 4:02 4:11 4:17¢ 4 74:21 4:35
K o N 42 4:22 4729 4:34 .~ 4:44
p 3:55 4:08, 416 S« 4:20 4:30 %437 e 4:4,2’ 4:50
M _Agj_)_&a s 436 240 450 ¢ 4:57 z P 5.00 5]
K "~ S 458 5007 507 A2 ¢ 5:22 ’,
P 135 4:48 456 5:00 '~ 540 517 ,° s 5:22 5:30 .7
M o s 3100 3§20 5:277 e 5:30 As5:44
K 4:55 ~ 5:08 5:16 "« 5:20 ¢ 53 ,5!37 5:42 5:52
P ~ 5307 540 547 L7 5:52 6:00
M 5:15 5:28 5:36 5:49 5:50, 7~ (5:57 ¢ .00 6:14
K 5:25 5:38 v 546 550 < 600 8:Q7,7  6:12 ,76:22
P 5:35 5:48 N5:56 ¢ 6:00 \{:1 0 6:¥A 6:22,7  6:30
M 5:45 5:58 6:00<' 6:10 7 6:2Q 827 e , 6:30 6:44
K 5:55 6:08 66T, 6:207 6:30 8 »2 6:37 42 s 6:52
P 6:05 ) 6:18 26 @0 6:40, " (6:47 N/ 6:52 7:00
S ’ ,0N . AN S ,°
~ 4 ’ s ’ ’ ~
~ ’ P SO 7 S v ~ ’
N 4 4 M¢ 7 N A’
~ 7 ’ LARRN LGRS N
s 4 ’ ~ ’ ~ S
~ ’ ’ ’ N hg
Lv Lo N P S, AT sy 7 Arr
MCC WAS /ﬁW\ CKP ,7 CLA CLT »“ CON CONN  AFRY BPYVC
11:29 A1:40 ,7 ~ s 11:43 11:49 “\1:58 12:00 342:05 12317
115z ) 1159 ~87 12:03 1200 12M8  12:20. Jao5 1237~
12:10 P20 12:23 ,12:29  12:38N 12:40  12:45 _12:57
12:29 ,“12:40 P Sa12:43 2 12:49 0 12:58 s ¥:00 1:05 1:17
s 12:52 12:59 NP 1:09 1:18 ,"kZO 1:25 N37
’ 1:10 P 1:19 123, 1:29 1:38 » 1:40, 1:45 153
,’1-22) 140 l 2143 > 149 1.537 2:00 ~ 2:05 218>,
1:52 ,' 1:59 s 2:03 2:09 2A8 2:20 T R:25 2:38
2:09+ 218 223 229 ,2:39 2:40 235 2:58
2:32 2:,40 ’ 2:43 2:49 o~ 2:59 3:04 3:09 VB:ZZ
2443 L7 2518 IR N
o2 2:54 }}B 3.07 343 3:23 3:25 3:30 3:43
312 ‘ 321 3.26 4.32 342 N, 347 382 405~
3:36 3:44 V7 3:47 + 3:53 4:03 %05 4:10 4:23
3:54 4:03 4:.07,7 413 4:23 4:25>_ 430 4:43
4% 4:22 4:%, 4:33 4:43 4:46  ~ 4:51 5:04
436 4:44 A4 4:53 5:03 5:05 340 5:23
7 445 4:53 ,4:57 5:03 513 5:15  5:2T v 5:34
.2 450 4:59 4 5:04 5:10 5:20 5:25 5:31 ~5:44
, P 5:35 5:41 5%4¢
,’5'15)7 5:.23 4 5.27 5:33 50:43 5:45 5.51 .04~
5:25 5:33 4 5:37 5:43 5:53 5:55 6:01 6:14
5:33 R 5:47 5:53 6:03 6:05 6:11 6:24
5:45 5:53 ’ 5:57 6:03 6:13 6:15 6:21 6:34
5:55 6¥03 6:07 6:13 6:23 6:25 6:31 6:44
6:03 i 6:12 6:17 6:23 6:33 6:35 6:41 6:54
6:15 6:23 ¢ 6:27 6:33 6:43 6:45 6:51 7:04
6:25,7  6:33 6:37 6:43 6:53 6:55 7:01 7:14
6:38 6:42 6:47 6:53 7:03 7:05 7:11 7:24
6:45 553 6:57 7:03 7:11 7:15 7:20 7:31
7 6:55 7:03 7:07 7:13 7:21 7:25 7:30 7:41
./ _7.07 7:15 7:19 7:24 7.32 Py Out of service
7:23 7:31 7:34 7:39 7:47 7:50 7:55 8:06

Route 110 Block 1 is completed.
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Notes:

* A target of at least 4 minutes of “internal” recovery time has been provided for
each round trip at the rail station (CON) during the trip building process. This
availability of internal recovery time makes it possible to minimize recovery at
the eastern and western terminals and still meet contractual layover requirements.

*  Block 1 switches from the Washington @ Clayton (WAS) branches to the Marsh
Creek Circle (MCC) branch as per the route design and because of the way the
scheduler has made decisions regarding the layover allocations. The vehicle
assigned to Block 1 can change between route branches at the common terminal
DVC.

*  When arrival and departure times are the same, the terminal is treated as a simple
stop, with no recovery at that location.

*  On the blocking sheet that follows, the terminal locations have been customized
to name the exact location rather than “outer” and “inner’” terminals.
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A. Blocking sheet completed for Route 110, Block 1

Route #: 110
Date: xx/xx/xx

Scheduler: BN

BLOCKING SHEET

Multiple Terminals

Special Instructions: 5 - 10 min. recovery/
layover. Consider internal layover at rail
station as part of total amount required.

Westbound Eastbound
Block Depart Depart Arrive Arrive Depart Depart Arrive Arrive
No Wash/ Marsh Rail Rail Wash/ Marsh
. Clay Crk Cr Station Station Clay Crk Cr
(WAS) (MCC) (CON) DVC DVC (CON) (WAS) (MCC)
1 4:43A | 5:04A
1 5:04 5:49 5:54 6:41
1 6:41 7:33 7:34 8:14
1 8:14 9:14 9:25 10:09
1 10:11 10:59 11:05 11:50
1 11:52A 12:37P |12:45P 1:29P
1 1:29 2:18 2:20 3:12
1 3:12 4:05 4:15 5:14
1 5:15 6:04 6:05 7:00
1 7:07P 7:32P

Eighteen Route 110 one-way trips make up Block 1.

Block 1 is an all day (base) block that begins at the rail station. During the course of the day, Block 1
provides some trips to the Washington and Clayton (WAS) terminal and some to the Marsh Creek Circle
terminal. The operator will simply change the destination sign (headsign) at the DVC terminal before

turning around.
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B. Block 2, Route 110

The second block (Block 2) derived from the master schedule also provides all day service,
operating nearly 15 hours in revenue service. Block 3 operates in the morning only.

BLOCKING SHEET
Route #: 110 Special Instructions: 5 - 10 min. recovery/
Date: xx/xx/xx layover. Consider internal layover at rail
station as part of total amount required.
Scheduler: BN
Westbound Eastbound
Depart Depart Arrive Arrive Depart Depart Arrive Arrive
Block Wash/ Marsh Rail Rail Wash/ Marsh
No ol | G | ER | ove ove | (CoR) | (WAY) Mee)
2 4:59A 5:21A
2 5:21 6:04 6:14 7:02
2 7:02 7:53 7:55 8:40
2 8:40 9:32 9:45 10:29
2 10:29A 11:19A 11:25A 12:09P
2 12:10 12:57 1:05 1:49
2 1:52 2:38 2:40 3:36
2 3:36 4:23 4:35 5:30
2 5:33 6:24 6:35 7:24
2 7:28P 7:52P
3 5:05A 5:27A
3 5:31 6:21 6:23 7:11
3 7:11 8:03 8:10 8:55
3 9:00A 9:25A

The blocking of Route 110 continues with the completion of Blocks 2 and 3.

Several considerations come into play while continuing the blocking of Route 110:

1) Trips begin at more than one location. For example, while most of the morning pull-outs
begin revenue service at the rail station, some begin at DVC.

2) Route 110 contains school tripper service which requires a vehicle to operate just one
trip (or partial trip). On the master schedule, the school trip is marked with an S.

3) Some blocks will operate all day, while others will operate during just one peak period.
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C. Completing the blocks for Route 110

BLOCKING SHEET
Route #: 110 Special Instructions: 5 - 10 min. recovery/
Date: xx/Xx/xx layover. Consider internal layover at rail
station as part of total amount required.
Scheduler: BN
Westbound Eastbound
Depart Depart Arrive Arrive Depart Depart Arrive Arrive
Block Wash/ Marsh Rail Rail Wash/ Marsh
No. wad | e | N | ove ove | (GoN | WY | neS
4 5:21A 5:42
4 4:43 6:36 6:38 7:23
4 7:24 8:18 8:25 9:09
4 9:11 9:59 10:05 10:50
4 10:52A 11:37A | 11:45A 12:29P
4 12:29 1:17 1:25 2:09
4 2:09 2:58 3:00 3:54
4 4:54 4:43 4:55 5:52
4 5:55 6:44 6:50 7:38
4 7:42 8:26 8:40 9:24
4 9:24 10:06 10:10 10:53
4 10:53P 11:18P
5 5:36A 6:02A
5 6:02 6:51 6:53 7:39
5 7:39 8:34 8:45 9:29
5 9:29 10:19 10:25 11:09
5 11:10A 11:57A 12:05P 12:49
5 12:52 1:37 1:45 2:29
5 2:32 3:22 3:40 4:35
5 4:36 5:23 5:25 6:22
5 6:25P 7:14P
6 5:45A 6:11A
6 6:11 7:01 7:08 7:55
7:55A 8:24A
7 5:30A 6:17A
7 6:18 7:13 7:14 7:55
7 8:00 8:54 9:05 9:50
7 9:53 10:39 10:45 11:29
7 11:29A 12:17P 12:25P 1:09P
7 1:10 1:57 2:01 2:54

The blocking of Route 110 continues.
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BLOCKING SHEET
Route #: 110 Special Instructions: 5 - 10 min recovery/
Date: xx/XX/xX layover. Consider internal layover at rail
station as part of amount required at
Scheduler: BN terminal.
Westbound Eastbound
Depart Depart Arrive Arrive Depart Depart Arrive Arrive
Block Wash/ Marsh Rail Rail Wash/ Marsh
No Clag Crk Cr Station Station Cla§ .| CrkCr
. (WAS) (MCC) (CON) DVC DVC (CON) | (WAS) | (MCC)
7 2:54 3:43 3:55 4:50
7 4:50 5:44 5:45 6:44
7 6:45P 7:31P
8 5:44A 6:32A
8 6:32 7:23 7:24 8:09
8 8:09A 8:38A
9 6:00A 6:47A
9 6:48 7:43 7:44 8:29
9 8:29A 8:56A
10 3:20P 4:13P
10 4:13 5:04 5:15 6:14
10 6:15 7:04 7:10 7:57
10 8:00P 8:24P
11 4:12pP 4:44P
11 4:45 5:34 5:35 6:30
11 6:33 7:24 7:30 8:14
11 8:14 8:56 9:10 9:53
11 9:53P 10:18P
12 4:50P 5:22P
12 5:25 6:14 6:20 717
12 7:23 8:06 8:10 8:57
12 9:00P 9:24P
13 5:10P 5:44
13 5:45P 6:34P
14 5:30P 6:00P
14 6:03P 6:54P

The blocking of Route 110 continues.
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Route #: 110
Date: xx/xx/xx

BLOCKING SHEET

Special Instructions: 5 - 10 min recovery/
layover. Consider internal layover at rail
station as part of amount required at

Scheduler: BN terminal.
Westbound Eastbound
Depart Depart Arrive Arrive Depart Depart Arrive Arrive
Block Wash/ Marsh Rail Rail Wash/ Marsh
No CIa§ Crk Cr Station Station Clag' Crk Cr
y (WAS) (MCC) (CON) DvVC DvVC (CON) (WAS) (MCC)
15 5:35P 5:54p 5:55P 6:52P
15 6:55 7:41 7:50 8:33
15 8:37 9:26 9:40 10:24
15 10:24P 10:48P
16(S) 2:44P 2:51 CKP

D. Observations about the completed blocks

Block 3 is the first of the peak only blocks. It runs only during the morning peak,
from 5:05 a.m. to 9:25 a.m. This block pulls in and out at the rail station, providing
bus to rail feeder service for morning commuters. Blocks 6, 8, and 9 also operate

The blocking sheet contains the final blocks.

only during the morning peak.

Block 16(S) is a special block that operates only on school days. It is the only block
that pulls off the line at Concord @ Kirker Pass (CKP) and the only block that does

not serve the rail station (CON).

Blocks 13 and 14 operate only during the P.M. peak. Blocks 10, 11, 12 and 15 pull

out in the P.M. peak, but continue into the evening period as well.

E. Noting block numbers on the master schedule

Double checking that all trips have been blocked is commonly done by noting the block number
next to the trip number on the master schedule. Directional Route 110 master schedules with block

notations are shown on the following pages.
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Lv
WAS
5:04
5:21
5:31
5:57
6:02
6:11
6:32
6:32
6:41
7:02
7:02
7:11
7:38
7:39
7:55
8:14
8:09
8:14
8:29
8:54
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9:11
9:41
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10:11
10:41
10:52
11:10
11:40
11:52
12:10
12:40
12:52
1:10
1:40
1:52
2:09
2:40
2:44S
2:54
3:12
3:44
3:54
4:13
4:44
4:45
4:50

5:23
5:25
5:33
5:53
5:55
6:03
6:23
6:25
6:33
6:53
6:55
7:07
7:31
7:28
7:42
8:08
8:14
8:37
9:08
9:24
9:53
10:24
10:53

MYV

5:28

6:10

6:40

7:10

7:47

8:17
8:21

9:07

10:00

10:59

11:59

12:59

3:03

4:03

4:53

5:33

6:03

6:33

7:03

7:35

8:21

9:31
10:31

CKpP

5:13

5:40

6:20

6:50

7:20

8:04

8:38

9:20

10:20

11:19

12:19

2:18
2:518
3:21

4:22

4:59

5:42

6:12

6:42

7:15

7:50

8:45

10:01
11:01

CLA
5:17
5:32
5:45
6:00
6:15
6:25
6:35
6:45
6:55
7:05
7:15
7:25
7:41
7:52
8:09
8:17
8:23
8:27
8:42
8:57
9:11
9:24
9:44
10:04
10:24
10:44
11:03
11:23
11:43
12:03
12:23
12:43
1:03
1:23
1:43
2:03
2:23
2:43

3:07
3:26
3:47
4:07
4:27
4:47
4:57
5:04

5:27
5:37
5:47
5:57
6:07
6:17
6:27
6:37
6:47
6:57
7:07
7:19
7:34
7:39
7:54
8:11
8:25
8:49
9:11
9:35
10:05
10:35
11:05

Route 110 /WESTbound with block notations

Arr Lv Arr
CON CON FRY DVC
5:30 5:33 5:38 5:49
5:45 5:48 5:53 6:04
6:00 6:03 6:09 6:21
6:15 6:18 6:24 6:36
6:30 6:33 6:39 6:51
6:40 6:43 6:49 7:01
6:50 6:55 7:01 7:13
7:00 7:05 7:11 7:23
7:10 7:15 7:21 7:33
7:20 7:25 7:31 7:43
7:30 7:35 7:41 7:53
7:40 7:45 7:51 8:03
7:55 8:00 8:06 8:18
8:07 8:15 8:21 8:34
8:24 Qut of service
8:32 8:35 8:41 8:54
8:38 Out of service
8:42 8:55 9:01 9:14
8:56 Out of service
9:11 9:13 9:19 9:32
9:25 Out of service
9:38 9:40 9:46 9:59
9:58 10:00 10:06 10:19
10:18 10:20  10:26  10:39
10:38 10:40 10:46 10:59
10:58 11:00 11:06 11:19
11:18 11:20 11:25 11:37
11:38 11:40 11:45 11:57
11:58 12:00 12:05 12:17
12:18 12:20  12:25 12:37
12:38 12:40 12:45 12:57
12:58 1:.00 1:05 1:17
1:18 1:20 1:25 1:37
1:38 1:40 1:45 1:57
1:58 2:00 2:05 2:18
2:18 2:20 2:25 2:38
2:39 2:40 2:45 2:58
2:59 3:04 3:09 3:22
3:23 3:25 3:30 3:43
3:42 3:47 3:52 4:05
4:03 4:05 4:10 4:23
4:23 4:25 4:30 4:43
4:43 4:46 4:51 5:04
5:03 5:05 5:10 5:23
5:13 5:15 5:21 5:34
5:20 5:25 5:31 5:44

5:35 5:41 5:54
5:43 5:45 5:51 6:04
5:53 5:55 6:01 6:14
6:03 6:05 6:11 6:24
6:13 6:15 6:21 6:34
6:23 6:25 6:31 6:44
6:33 6:35 6:41 6:54
6:43 6:45 6:51 7:04
6:53 6:55 7:01 7:14
7:03 7:05 7:11 7:24
7:11 7:15 7:20 7:31
7:21 7:25 7:30 7:41
7:32 Out of service
7:47 7:50 7:55 8:06
7:52 Out of service
8:07 8:10 8:15 8:26
8:24 Out of service
8:38 8:40 8:45 8:56
9:01 9:10 9:15 9:26
9:24
9:48 9:50 9:55  10:06
10:18 Out of service
10:48 Out of service
11:18 Out of service
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Block Trip
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CLD

5:40
5:55
6:05
6:11
6:25
6:34
6:49
7:04
7:19
7:25
7:35
7:45
7:55
8:06
8:21
8:36
8:56
9:16
9:36
9:56
10:16
10:36
10:56
11:16
11:36
11:56
12:16
12:36
12:56
1:16
1:36
1:56
2:14
2:33
2:53
3:13
3:33
3:53

4:08
4:28

4:48
5:08

5:28
5:38
5:48
5:58
6:08
6:18
6:33
6:48
7:03
7:21
7:41
8:01
8:21
8:51
9:21
9:51
10:21

Arr
CON

5:46
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6:12
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6:32
6:41
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7:11
7:26
7:32
7:42
7:52
8:02
8:13
8:28
8:43
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4:59
5:05
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6:22
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7:34
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11:05
11:25
11:45
12:05
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2:05
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4:12
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4:50
5:00
5:10
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5:40
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6:10
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6:30
6:45
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8:10
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10:00
10:30

CLT
4:49
5:05
5:11
5:27
5:44
5:53
6:00
6:14
6:23
6:30
6:44
6:53
7:06
7:21
7:37
7:42
7:51
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9:33
9:53
10:13
10:38
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11:13
11:33
11:53
12:13
12:33
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1:13
1:33
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2:13
2:33
2:52
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3:33
3:53
4:11
4:22
4:30
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5:10
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5:30
5:40
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6:10
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7:22
7:37
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Route 110 /EASTbound with block notations

MYV
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7:17
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F. Completing the block summary recap form

After the blocking sheet is completed and block numbers are noted on the master schedule, the
block summary recap is useful for displaying block pull-out and pull-in times and pull-on and pull-
off locations as well as the first and last revenue times. The block summary recap form below is
completed for the Route 110 blocks.

BLOCK SUMMARY RECAP
Route #: 110 Special Instructions:
Date: XX/XX/XX
Scheduler:
BLOCK PU_Iﬁliv-'%UT PULL-ON FIRST LAST PULL-OFF PULL-IN
No. L LOCATION RE_}IIEAI‘éUE RE_I\_/IEn[\éUE LOCATION (ngl:in)
1 CON 4:43A 7:32P CON
2 CON 4:59A 7:52P CON
3 CON 5:05A 9:25A CON
4 CON 5:21A 11:18P CON
5 CON 5:36A 7:14P DVC
6 CON 5:45A 8:24A CON
7 DVC 5:30A 7:31P DVC
8 DvC 5:44A 8:38A CON
9 DvVC 6:00A 8:56A CON
10 DvC 3:20P 8:24P CON
11 CON 4:12P 10:18P CON
12 CON 4:50P 9:24P CON
13 CON 5:10P 6:34P DVC
14 CON 5:30P 6:54P DVC
15 CON 5:35P 10:48P CON
16(S) WAS 2:44P 2:51P CKP

Route 110 blocks summarized on a block summary recap form
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IV. Evaluating the Blocks

Advanced Chapter 3/ Blocking

Efficient runcutting (see chapter 4) depends on how “well” the blocks can be “cut” into runs. Of prime
consideration is how well the blocks cut so that any split runs will conform to spread restrictions.

SPLIT RUN

Report Allowance

Pull-Out Allowance

Revenue Time

Pull-In Allowance
Turn-In Allowance

Report Allowance
Puli-Out Allowance

Revenue Time

Pull-In Allowance
‘Turn-In Allowance

Total Platform & Collaterals
Make-Up Time

Pay Hours

OT Pay

Total Pay Hours

|— Platform Time —]

T

Platform Time

UNPAID Break (Swing) Time

Spread time

Restrictions generally apply based
on the length of spread time for
two or more block pieces that are
tied together into one operator
assignment (run). When split runs
exceed the maximum spread limit,
they may be considered “illegal”
runs. Spread limits may also be
imposed at lesser spread times and
result in spread penalties
(additional pay).

Therefore, evaluating the blocks
for efficient runcutting is an
important step in the scheduling
process. To facilitate this process,
block graphs can be extremely
useful.

Exceeding spread time limits may result in illegal runs or spread penalties

A. Block graphs

A graph of the initial Route 110 blocks follows. This block graph displays revenue service hours
for each block rather than platform time (which includes pull-out and pull-in times). Revenue hours
display is desirable at this stage in order to assess the start and end times of potential candidate
pairings. If platform times were displayed, garage deadhead times would have to be deducted first

before candidate pairings could be evaluated.

A number of observations can be made about this block graph:

o The length of four of the P.M. peak blocks (Blocks 10, 11, 12 and 15) is not conducive to
efficient runcutting. They are not long enough to be stand-alone straight runs without granting
excessive make-up time. Consequently they are likely candidates to be considered for split
runs. However, all four operate too late into the evening to be coupled with existing A.M.
pieces without creating illegal runs or paying excessive spread penalties.

o Block 168S is a very small piece of work. It is not practical for it to remain a separate block.

¢ The current base blocks appear to lend themselves to various cutting options given that on-street
reliefs can be made at the rail station (arrival time only) and at DVC (arrival time only).
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Block START/END OF REVENUE TIME Revenue
No.| 4a] 5a|6a 7a] 8a|9a]10a]i1al12p] 1p] 2p]| 3p] 4p] 5p! 6p 7] 8p[ 9p[1dp[11p | Hours
Early AM|  AM Peak Base (Midday) School | PM Peak Evening Night
! 443a 732p 14:49
2 4592 752p 14:53
3 5054 925a ‘ 4:20
4 521a 1118p 1757
> 336a 714p 13:38
6 §45a  824a 2:39
7 530a 731p 14:01
8 b44a 83 F;a 2:54
J 600a 8562 2:56
10 320p 824p 5:04
1 412p 1018p 6:06
12 450p 924p 4:34
13 510p 634p 1:24
14 530p 654p 1:24
15 535p 1048p 5:13
165 244p 251p :07
Block START/END OF REVENUE TIME 111:59
No.| 4af 5a| 6a| 7a| 8a| 9a|10a|t1al12p| 1p| 2p| 3p |4p!| 5p| 6p| 7p | 8p| 9p|10p | 11p

Initial Route 110 blocks

With the observations on the previous page in mind, the next step is to evaluate ways to re-block
some of the trips so that the resultant runs conform to spread restrictions and effectively utilize
available resources.
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B. Re-blocking Block 10 (Block 4)

Block 10 starts revenue service too early (3:20 p.m.) to be preceded by another current P.M. block and
Block 10 ends too late (8:24 p.m.) to fall into an acceptable spread range if it were combined with a
current A.M. piece to form a split run.

The scheduler has decided to check the master schedule to see what other trips are hooked just prior to
Block 10's DVC 3:20 p.m. departure time. It is discovered that Block 4, trip 42E departs DVC at 3:00
p.m.

Trip Lv Arr Lv Arr Arr

# Via 0 CLD CON CON CLT CLA  CKP MYV  WAS  MCC
4 - 42E kK (3000 313 320 324 333 339 344 3:54
0 - 43F P 330 333 340 344 353 3:59 404 413

Block 10 now starts Here

What if Block 4 ended its current set of trip hooks at 3:00 p.m. and took on the current Block 10
trips at 3:20 p.m. — and Block 10 took over the original Block 4 trips beginning at 3:00 p.m.?

1) A Block 4 20-minute layover would occur at DVC (3:00 p.m. to 3:20 p.m.).

2) New Block 4 trips would still begin at 5:21 a.m. but now end at 8:24 p.m.

(15:03 total revenue service).

3) Block 10 trips would begin at 3:00 p.m. and end at 11:18 p.m. (8:18 total revenue service).

4) Total revenue hours would be 112:19 (an increase of 20 minutes).

5) Revised Block 4 would still be a base block and of sufficient length to cut into two runs.

6) Revised Block 10 would be a P.M. straight run.

7) The spread problem associated with the original Block 10 would be eliminated.

The adjustment appears appropriate and is reflected in the revised block graph shown on the next page.
The “cost” of this adjustment is an increase of :20 in layover. However, the elimination of the spread
problem justifies this move. The use of colored pencils is a good way to track incremental actions
when noting blocking adjustments on the master schedule.

C. Re-blocking Block 11 (Block 5)

Blocks 11, 12 and 15 demonstrate similar characteristics as the original Block 10. However, because
they start “later,” there might be a possibility of hooking blocks that finish earlier onto the front. The
only apparent possibility would be 16S, but the excessive layover at the rail station would tend to
prohibit this move.

The scheduler could consider hooking the later trips associated with Blocks 11, 12 and 15 into base
Blocks 1, 2, 5 or 7. This would make Blocks 11, 12 and 15 shorter in length and could turn them into
trippers or second pieces of split runs. The base blocks, with the addition of the later trips, could still
be of sufficient length to cut into two straight runs.

Block 5, trip 56W finishes at DVC at 7:14 p.m. and immediately precedes Block 11, trip 57W which
arrives at DVC at 7:24 p.m. Block 11 then hooks to the 7:30 p.m. departure trip 63E. Re-hooking the
7:30 p.m. departure from Block 11 to Block 5, along with subsequent Block 11 trips, results in an end

revenue time of 7:24 p.m. for the revised Block 11. Block 5 ends here
Trip Lv Lv Arr Lv Arr
# Via MCC  WAS MYV CKP CLA CLT CON CON FRY DVC
§ - 56W P 6:25 6:33 6:37 6:43 6:53 6:55 7:01
1 -s57w K 6:33 6:42 6:47 6:53 7:03 7:05 7:11 24
Trip Lv Arr Lv Arr Arr
# Via DVC CLD CON CON CLT CLA CKP MYV WAS McC

11 - 63E K 7:30 7:41 7:47 7:50 7:57 8:02 8:06 8:14



Advanced Chapter 3/ Blocking

Page 79

What if Block 5 took on the current Block 11 trips starting with trip 63E from DVC at 7:30 p.m.?
1) Layover at DVC would be 16 minutes (7:14 p.m. to 7:30 p.m.).
2) Total revenue hours would increase to 112:29 (a 10 minute increase).
3) Revised Block 11 would become a P.M. piece (4:12 p.m. to 7:24 p.m.), better suited as the P.M.

part of a split run.
4) Revised Block 5 would still be a base block of sufficient length (5:36 a.m. to 10:18 p.m.) to cut
into two straight runs (16:42).

D. Block graphs revised for Blocks 4 &10 and 5 & 11

Block START/END OF REVENUE TIME Revenue
No.| 4a] 5a] 6a] 7a| 8a] 9a]10a[11a]12p| 1p| 2p| 3p| 4p| 5p| 6p| 7p | 8p| 9p[10p][ 11p | Hours
Early AM| AM Peak Base (Midday) School | PM Peak Evening | Night
1 443a 732p 14:49
2 459 752p 14:53
3 505a 925a 4:20
44R%|\?| sed {;?:—: 524p Hop -11_?(5)?;:
5 old 536a 7H4p 13:38
SRevised o5 T018p 16:42
6 345a 824a 2:39
7 530a 731p 14:01
8 5442 83B8a 2:54
9 600a §§'6a 2:56
10 old
10 Reyised 300p f24p TTi8p g?g
1 Reised e Nt R
12 450p 924p 4:34
13 510p 634p 1:24
14 530p 654p 1:24
15 535p 1048p 5:13
16S 244p 251p :07
Block START/END OF REVENUE TIME 112:19
No. 4|a 5a| 6a| 7a| 8a| 9a 10a|11aj12p| 1p| 2p| 3p |4p! 5p| 6p!| 7p| 8p| 9p|10p | 11p

Block graph for Route 110 - revisions to Blocks 4, 5, 10 and 11
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E. Re-blocking Block 15 (Block 7)

A similar situation exists for Block 15. It is not long enough (5:13) to cut into a straight run and it
ends too late (10:48 p.m.) to be the second piece of a split run (excessive spread time). Again, the
scheduler looks at the possibility of re-hooks.

Block 13, trip 59W arrives at DVC at 7:41 p.m., then continues as trip 64E, departing DVC at 7:50
p.m. Block 7, trip 58W, is currently finished for the day at DVC at 7:31 p.m. By rehooking 64E (and
subsequent Block 15 trips) onto Block 7, Block 15 would then finish for the day at DVC at 7:41 p.m.

Block 7 now finishes here

Trip Lv Lv Arr
# Via MCC WAS MYV CKP CLA CLT CON
7 - 58W M 6:45 6:53 6:57 7:03 7:11
15- sow P 6:55 7:03 7:07 7:13 7:21

Trip Lv Al Lv Arr

# Via » CLT CLA CKP MYV WAS MCC
15- o4k P 8:17 8:22 8:26 8:33

What would be the consequences of rehooking 64E and subsequent Block 15 trips onto Block 7 and
ending Block 15 at 7:41p.m.?
1) A 19-minute layover for Block 7 at DVC (7:31 p.m. to 7:50 p.m.).
2) Total revenue hours would increase to 112:39 (a 10 minute increase).
3) Revised Block 15 would be a P.M. tripper piece of 2:09 (5:35 p.m. to 7:41 p.m.).
4) Revised Block 7 would still be a base block of sufficient length, 17:18 (5:30 a.m. to 10:48 p.m.)
to cut into two straight runs.

F. Re-blocking Block 12 (Block 1)

As with Block 15 above, Block 12 is not long enough to cut into a straight run (4:34) and it ends too
late 9:24 p.m.) to be the second piece of a split run (excessive spread time). The master schedule
provides the following possibility.

Block 12, trip 61W, arrives at the rail station (CON) at 7:47 p.m. and is scheduled to depart CON at
7:50 p.m. Block 1, trip 60W, arrives at CON at 7:32 p.m. (15 minutes prior to Block 12) and is
scheduled to go out of service at that time and location. By rehooking Block 12's scheduled 7:50 p.m.
departure from CON to Block 1, Block 12 could be finished at 7:47 p.m.

Trip Lv Lv Arr Lv Arr
# Via ~MCC  WAS MYV CKp CLA CLT CON CON FRY bvC

WB O e T B B ™
What would be the results of ending Block 12 at CON at 7:47 p.m. and having Block 1 make
subsequent Block 12 trips? ,

1) Block 1 layover at CON would be 18 minutes (7:32 p.m. to 7:50 p.m.).

2) Total revenue hours would be 112:54.

3) Revised Block 12 would be a P.M. tripper piece of 2:57 (4:50 p.m. to 7:47 p.m.).

4) Revised Block 1, now ending at 9:24 p.m., is still a base block of sufficient length (16:41) to

cut into two straight runs.

The revisions to Blocks 15, 7, 12 and 1 are shown on the block graph on the following page.
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G. Block graphs revised for Blocks 7 & 15 and 1 & 12
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Block START/END OF REVENUE TIME Revenue
No.| 4a] 5a[6a] 7a] 8a|9a[10a[11a[12p][ 1p] 2p[3p | 4p]| 5p] 6p! 7p | 8p[ 9p|10p] 11p | Hours
Early AM| AM Peak Base (Midday) School | PM Peak Evening Night
1 Old
1 Rev sedqrzaa e 924p sz?
2 459 752p 14:53
3 5053 925a 4:20
4 Revised 532 824p 15:03
5Revised  ge T018p 16:42
6 945a 8244 2:39
7 old )
7 Revjsed g_'g: e To48p m
8 h44a 838a 2:54
9 600a 8562 2:56
10 Revised 300p T118p  8:18
11 Reyised 4T3 7B4p 3:12
g CR)elsised P piras
45Dp 747p 2:57
13 510p 634p 1:24
14 530p 654p 1:24
1155 l%leiised 535p | 741p 1O g%g
165 244p 251p 07
Block START/END OF REVENUE TIME 112:54
No.| 4a| 5a| 6a|7a] 8a|9a|10a|11a{12p| 1p| 2p| 3p{4p| 5p| 6p| 7p| 8p| %p|10p | 11p

Block graph for Route 110 - revisions to Blocks 1,7, 12 and 15

Block 168, although undesirable, remains unchanged. The scheduler has determined that further
analysis will take place in the runcutting process where other route pieces will be available.
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R s e e S

H. Final Route 110 block graph

Block START/END OF REVENUE TIME Revenue
No.| 4a] 5a| 6a| 7a] 8a] 9a[10a[11a[12p] 1p [ 2p | 3p| 4p] 5p 6p| 7p [ 8p] 9p10p | 11p | Hours
Early AM| AM Peak Base (Midday) School | PM Peak Evening Night
T 443 924p 16:41
2 4593 752p 14:53
3 5054 925a 4:20
4 52]a 824p 15:03
> 336a 10[8p 16:42
6 54?2-1—__8243 2:39
7 530a 1048p 17:18
8 b44a 838a 2:54
? 600a 3562 2:56
10 300p 1118p 8:18
n 412p 724p 3:12
12 450p  |747p 2:57
13 510p  634p 1:24
14 530p 654p 1:24
15 535p  [741p 2:06
165 244p 251p :07
Block START/END OF REVENUE TIME 112:54
No.| 4a| 5a| 6a| 7a| 8a| 9a|10a|11a|12p| 1p| 2p| 3p |4p]| 5p| 6p| 7p | 8p| Ip|10p | 11p

Final block graph for Route 110
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I. Revised Master Schedule (with notations for new blocks)

Block Trip Lv Lv Arr Lv Arr
# # Via MCC WAS MYV CKP CLA CLT CON CON FRY DVC
1 - 1w K 5:04 5:13 5:17 5:22 5:30 5:33 5:38 5:49
7 - 2w P 5:21 5:28 5:32 5:37 5:45 5:48 5:53 6:04
3 - 3w K 5:31 5:40 5:45 5:51 6:00 6:03 6:09 6:21
- AW M 5:43 5:57 6:00 6:06 6:15 6:18 6:24 6:36
- 5W P 6:02 6:10 6:15 6:21 6:30 6:33 6:39 6:51
- 6W K 6:11 6:20 6:25 6:31 6:40 6:43 6:49 7:01
- 7W M 6:18 6:32 6:35 6:41 6:50 6:55 7:01 7:13
- 8W P 6:32 6:40 6:45 6:51 7:00 7:05 7:11 7:23
- 9w K 6:41 6:50 6:55 7:01 7:10 7:15 7:21 7:33
- 10W M 6:48 7:02 7:05 7:11 7:20 7:25 7:31 7:43
7-11w P 7:02 7:10 7:15 7:21 7:30 7:35 7:41 7:53
3 - 12w K 7:11 7:20 7:25 7:31 7:40 7:45 7:51 8:03
- 13W M 7:24 7:38 7:41 7:46 7:55 8:00 8:06 8:18
- 14W P 7:39 7:47 7:52 7:58 8:07 8:15 8:21 8:34
- 15W K 7:55 8:04 8:09 8:15 8:24 Out of service
- 16W M 8:00 8:14 8:17 8:23 8:32 8:35 8:41 8:54
- 17W P 8:09 8:17 8:23 8:29 8:38 Out of service
- 18W P 8:14 8:21 8:27 8:33 8:42 8:55 9:01 9:14
- 19W K 8:29 8:38 8:42 8:47 8:56 Out of service
7 - 20w M 8:40 8:54 8:57 9:02 9:11 9:13 9:19 9:32
3 - 21w P 9:00 9:07 9:11 9:16 9:25 Out of service
; - 22W K 9:11 9:20 9:24 9:29 9:38 9:40 9:46 9:59
- 23W M 9:29 9:41 9:44 9:49 9:58 10:.00 10:06 10:19
( - 24W P 9:53 10:00 10:04 10:09  10:18 10:20  10:26  10:39
- 25W K 10:11 10:20 10:24 10:29  10:38 10:40 10:46°  10:59
Z - 26W M 10:29 10:41 - 10:44 10:49 10:58 11:00 11:06 11:19
g - 27W P 10:52 10:59 11:03 11:09 11:18 11:20 11:25 11:37
- 28W K 11:10 11:19 11:23 11:29 11:38 11:40  11:45 11:57
( - 29W M 11:29  11:40 11:43 11:49  11:58 12:00 12:05 12:17
- 30W P 11:52 11:59 12:03 12:09 12:18 12:20  12:25 12:37
7 -31W K 12:10 12:19 12:23 12:29 12:38 12:40  12:45 12:57
? - 32W M 12:29 12:40 12:43 12:49 12:58 1:00 1:05 1:17
- 33W P 12:52 12:59 1.03 1:09 1:.18 1:20 1:25 1:37
( - 34W K 1:10 1:19 1.23 1:29 1:38 1:40 1:45 1.57
- 35W M 1:29 1:40 1:43 1:49 1:58 2:00 2:05 2:18
7 - 36W P 1:52 1:59 2:03 2:09 2:18 2:20 2:25 2:38
; - 37W K 2:09 2:18 2:23 2:29 2:39 2:40 2:45 2:58 to 3:20p
- 38W M 2:32 2:40 2:43 2:49 2:59 3:04 3:09 3:22
16(S} 39w K 2:44S 2:51S
- 40W P 2:54 3:03 3:07 313 3:23 3:25 3:30 3:43
- 41W K 312 3:21 3:26 3:32 3:42 3:47 3:52 4:05
Gé - 42W M 3:36 3:44 3:47 3:53 -4:03 4:05 4:10 4:23
H - 43W P 3:54 4:03 4:07 4:13 4:23 4:25 4:30 4:43
4 40~ 44w K 4:13 4:22 4:27 4:33 4:43 4:46 4:51 5:04
- 45W M 4:36 4:44 4:47 4:53 5:03 5:05 5:10 5:23
1 - 46w P 4:45 4:53 4:57 5:03 5:13 5:15 5:21 5:34
- 47W K 4:50 4:59 5:04 5:10 5:20 5:25 5:31 5:44
b- 48W - 5:35 5:41 5:54
- 49W M 5:15 5:23 5:27 5:33 5:43 5:45 5:51 6:04
- 50W P 5:25 5:33 5:37 5:43 5:53 5:55 6:01 6:14
- 51W K 5:33 5:42 5:47 5:53 6:03 6:05 6:11 6:24
d- 52W M 5:45 5:53 5:57 6:03 6:13 6:15 6:21 6:34
1 - 53w P 5:55 6:03 6:07 6:13 6:23 6:25 6:31 6:44
- 54W K 6:03 6:12 6:17 6:23 6:33 6:35 6:41 6:54
4 8- 55w M 6:15 6:23 6:27 6:33 6:43 6:45 6:51 7:04
f - 56W P 6:25 6:33 6:37 6:43 6:53 6:55 7:01 7:14 to 7:30p
- 57W K 6:33 6:42 6:47 6:53 7:03 7:05 7:11 7:24
- 58W M 6:45 6:53 6:57 7:03 7:11 7:15 7:20 7:31 to7:50p
5- 59w P 6:55 7:03 7:07 7:13 7:21 7:25 7:30 7:41
- 60W K 7:07 7:15 7:19 7:24 7:32\ Out of service
Qg— 61W M 7:23 7:31 7:34 7:39 7:47x 7:50 7:55 8:06
- 62W P 7:28 7:35 7:39 7:44 7:52 Out of service
1 - 63W K 7:42 7:50 7:54 7:59 8:07 8:10 8:15 8:26
4 40- 64w M 8:00 8:08 & 8:16 8:24 Out of service
58 - 65w P 8:14 8:21 8:25 8:30 8:38 8:40 8:45 8:56
- 66W K 8:37 8:45 8:49 8:53 9:01 9:10 9:15 9:26
{ - 67W M 9:00 9:08 9:11 9:16 9:24
- 68W P 9:24 9:31 9:35 9:40 9:48 9:50 9:55 10:06
5R - 69w K 9:53 10:01 10:05 10:10  10:18 Out of service
- 70W P 10:24 10:31 10:35 10:40 10:48 Out of service
or - 71w K 10:53 11:01 11:05 11:10  11:18 Out of service

Revised Route 110 /WESTbound
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Block Trip
#

#
1 1E
2E

3E
4E
SE
6E
7E
8E
- 9E
- 10E
-11E
-12E
-13E
- 14F
- 15€
- 16E
-17E
- 18E
- 19E
- 20E
-21E
-22E
-23E
- 24E
- 25E
- 26E
- 27E
-28E
- 29E
-30E
-31E
-32E
-33E
-34E
- 35€
-36E
-37E
- 38E
-39E
- 40E
{04 a2
- 42E

£ 30 -43E
f - 44F

1 -45E

- 46E

- 47E

- 48E

- 49E

2 -50E
{04 -51E

| TN T T T T S B §

PN N N TR PN G R R SN UL AN O 00N S LI AT O 0O NI TS O N

7 ¥ -68E
04 - 69E

p
B

19X TRL AL ATLoRZ DAL 0RZE v RZURZL9AZ AL 9AZL 0AE9ARAL9XRZ 9XxL 0RO ARAARZL9RZL 0RZE9RZEoRZvATR

Lv
DVC

5:30
5:44
5:54
6:00
6:14
6:23
6:38
6:53
7:08
7:14
7:24
7:34
7:44
7:55
8:10
8:25
8:45
9:05

9:25 -

9:45
10:05
10:25
10:45
11:05
11:25
11:45
12:05
12:25
12:45

1:05

1:25

1:45

2:01

2:20

2:40

3:00

3:20

3:40

4:15
4:35
4:55

5:15
5:25
5:35
5:45
5:55
6:05
6:20
6:35
6:50
7:10
7:30
7:50
8:10
8:40
9:10
9:40
10:10
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CLD

5:40
5:55
6:05
6:11
6:25
6:34
6:49
7:04
7:19
7:25
7:35
7:45
7:55
8:06
8:21
8:36
8:56
9:16
9:36
9:56
10:16
10:36
10:56
11:16
11:36
11:56
12:16
12:36
12:56
1:16
1:36
1:56
2:14
2:33
2:53
3:13
3:33
3:53

4:08
4:28

4:48
5:08

5:28
5:38
5:48
5:58
6:08
6:18
6:33
6:48
7:03
7:21
7:41
8:01
8:21
8:51
9:21
9:51
10:21

Arr
CON

5:46
6:02
6:12
6:18
6:32
6:41
6:56
7:11
7:26
7:32
7:42
7:52
8:02
8:13
8:28
8:43
9:03
9:23
9:43
10:03
10:22
10:42
11:02
11:22
11:42
12:02
12:22
12:42
1:02
1:22
1:42
2:02
2:21
2:40
3:00
3:20
3:40
4:00

4:16
4:36

4:56
5:16

5:36
5:46
5:56
6:00
6:16
6:26
6:41
6:56
7:11
7:27
7:47
8:07
8:27
8:57
9:27
9:57
10:27

Lv
CON
4:43
4:59
5:05
5:21
5:36
5:45
5:52
6:06
6:15
6:22
6:36
6:45
6:58
7:13
7:29
7:34
7:43
7:53
8:04
8:15
8:30
8:45
9:05
9:25
9:45
10:05
10:25
10:45
11:05
11:25
11:45
12:05
12:25
12:45
1:05
1:25
1:45
2:05
2:24
2:43
3:03
3:24
3:44
4:02
4:12
4:20
4:40
4:50
5:00
5:10
5:20
5:30
5:40
5:50
6:00
6:10
6:20
6:30
6:45
7:00
7:15
7:30
7:50
8:10
8:30
9:00
9:30
10:00
10:30

CLT
4:49
5:05
5:11
5:27
5:44
5:53
6:00
6:14
6:23
6:30
6:44
6:53
7:06
7:21
7:37
7:42
7:51
8:00
8:12
8:23
8:38
8:53
9:13
9:33
9:53

10:13
10:38
10:53
11:13
11:33
11:53
12:13
12:33
12:53

1:13
1:33
1:53
2:13
2:33
2:52
3:12
3:33
3:53
4:11
4:22
4:30
4:50
5:00
5:10
5:20
5:30
5:40
5:50
6:00
6:10
6:20
6:30
6:40
6:55
7:07
7:22
7:37
7:57
8:17
8:37
9:07
9:37

10:07
10:37

CLA
4:53
5:09
5:15
5:31
5:49
5:58
6:05
6:19
6:28
6:35
6:49
6:58
7:11
7:26
7:42
7:47
7:56
8:04
8:17
8:28
8:43
8:58
9:18
9:38
9:58
10:18
10:42
10:58
11:18
11:38
11:58
12:18
12:38
12:58
1:18
1:38
1:58
2:18
2:39
2:58
3:18
3:39
3:59
4:17
4:29
4:37
4:57
5:07
5:17
5:27
5:37
5:47
5:57
6:07
6:17
6:27
6:37
6:47
7:02
7:12
7:27
7:42
8:02
8:22
8:42
9:12
9:42
10:12
10:42

Revised Route 110 /EASTbound

CKP

5:13

5:53

6:23

6:53

7:30

8:47

9:42

10:42

11:42

12:42

1:42

2:44

3:44

4:34

5:12

5:42

6:12

6:42

7:16

8:06

9:16
10:16

MYV

4:57

5:19

6:03

6:33

7:03

7:47

8:22

9:02

10:02

11:02

12:02

1:02

2:02

3:03

4:04

4:42

5:22

6:22

6:52

7:31

8:26

9:46
10:46

Arr
WAS
5:04
5:21
5:27
5:34
6:02
6:11
6:09
6:32
6:41
6:39
7:02
7:11
7:15
7:39
7:55
7:47
8:09
8:14
8:29
8:32
8:55
9:09
9:21
9:50
10:09
10:21
10:50
11:09
11:21
11:50
12:09
12:21
12:49
1:09
1:21
1:49
2:09
2:21
2:54
3:12
3:22
3:54
4:13
4:21
4:44
4:50
5:00
5:22
5:30
5:30
5:52
6:00
6:00
6:22
6:30
6:30
6:52
7:00
7:05
7:24
7:38
7:45
8:14
8:33
8:45
9:24
9:53
10:24
10:53

Arr
MCC

5:42

6:17

6:47

7:23

7:55

8:40

9:29

10:29

11:29

12:29

1:29

2:29

3:36

4:35

5:44

6:14

6:44

717

7:57

8:57
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J. Revised block summary recap

BLOCK SUMMARY RECAP
Route #: 110 Special Instructions:
Date: XX/XX/XX
Scheduler:
FIRST LAST
BLOCK | PULL-OUT| PULL-ON | REVENUE| REVENUE| PULL-OFF | PULL-IN | REVENUE| PLATFORM
NO. TIME |LOCATION| TIME TIME [LOCATION| TIME HOURS HOURS
1 4:36A CON 4:43A | 9:24A CON 9:31P 16:41 16:55
2 4:52A CON 4:59A 7:52P CON 7:59P 14:53 15:07
3 4:58A CON 5:05A | 9:25A CON 9:32A 4:20 4:34
4 5:14A CON 5:21A 8:24P CON 8:31P 15:03 15:17
5 5:29A CON 5:36A  |10:18P CON 10:25P 16:42 16:56
6 5:38A CON 5:45A 8:24A CON 8:31A 2:39 2:53
7 5:18A DVC 5:30A [10:48P CON 10:55P 17:18 17:37
8 5:32A DvC 5:44A | 8:38A CON 8:45A 2:54 3:13
9 5:48A DvC 6:00A | 8:56A CON 9:03A 2:56 3:15
10 2:48P DvC 3:00P [11:18P CON 11:25P 8:18 8:37
11 4:05P CON 4:12P 7:24P DVC 7:36P 3:12 3:31
12 4:43pP CON 4:50P 7:47P CON 7:54P 2:57 3:11
13 5:03P CON 5:10P 6:34P DVC 6:46P 1:24 1:43
14 | 5:23P CON 5:30P 6:54P DVC 7:06P 1:24 1:43
15 5:28P CON 5:35P 7:41P DVC 7:53P 2:06 2:25
16S 2:09P WAS 2:44P 2:51P CKP 3:16P :07 1:07
Total 112:54 118:04

Finalized Route 110 block summary recap
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+  Block the Saturday Master Schedule for Route 110 below.
o Complete the Block Summary Recap below.
+  Plot the Saturday blocks on the Block Graph on the following page.

Trip Lv Arr Lv Arr Arr Trip Lv Lv Arr o Lv Arr
#Via DVC CLD CON CON CLT CLA CKP MYV WAS MCC # Via MCC WAS MYV CKP CLA CLT CON CON FRY DVC
- - - - - 1w P 6:54 7:01 7:05 7:10 7:19 7:34 7:40 7:53
18 P Into Servxce 6: 55 7:03 7:.08 7: 12 7:19 2W K 7:24 7:33 7:37 7:42 7:51 8:.04 8:10 8:23
2E K Into Service  7:25 7:33 7:38 7:42 7:50 3w P 7:54 8:01 8:05 8:10 8:19 8:34 8:40 8:53
3B P Into Service  7:55 8:03 8:08 8:12 8:19 4w K 8:24 8:33 8:37 8:42 8:51 9:04 9:10 9:23
4F K 7:58 8:09 8:15 8:25 8:33 8:38 8:42 8:50 SW P 8:54 9:01 9:05 9:10 9:19 -9:34 9:40 9:53
5E P 8:28 8:39 8:45 8:55 9:03 9:08 9:12 9:19 oW K 9:24 9:33 9:37 9:42 9:51 10:04 10:10 10:23
6E K 8:58 9:09 9:15 9:25 9:33 9:38 9:42 9:50 JW P 9:54 10:01 10:05 10:10 10:19 10:34 10:40 10:53
7E P 9:28 9:39 9:45 9:5510:03 10:08 10:12 10:19 8W K 10:24 10:33 10:37 10:42 10:51 11:04 11:10 11:23
8E K 9:5810:09 10:15 10:25 10:33 10:38 10:42 10:50 9w P 10:54 11:01 11:05 11:10 11:19 11:34 11:40 11:53
9E P 10:28 10:39 10:45 10:55 11:03 11:08 11:1211:19 10w K 11:24 11:3311:37 11:42 11:51 12:04 12:10 12:23
10E K 10:58 11:09 11:15 11:25 11:33 11:38 11:42 11:50 11TW P 11:54 12:01 12:05 12:10 12:19 12:34 12:40 12:53
11E P 11:28 11:39 11:45 11:55 12:03 12:08 12:12 12:19 12W K 12:24 12:33 12:37 12:42 12:51 13:04 13:10 13:23
12E K 11:58 12:09 12:15 12:25 12:33 12:38 12:42 12:50 13W P 12:54 13:01 13:05 13:10 13:19 13:34 13:40 13:53
13E P 12:28 12:39 12:45 12:55 13:03 13:08 13:12 13:19 14W K 13:24 13:33 13:37 13:42 13:51 14:04 14:10 14:23
14E K 12:58 13:09 13:15 13:25 13:33 13:38 13:42 13:50 15W P 13:54 14:01 14:05 14:10 14:19 14:34 14:40 14:53
15E P 13:28 13:39 13:45 13:55 14:03 14:08 14:12 14:19 ieW K 14:24 14:33 14:37 14:42 14:51 15:04 15:10 15:23
16E K 13:58 14:09 14:15 14:25 14:33 14:38 14:42 14:50 17W P 14:54 15:01 15:05 15:11 15:21 15:34 15:40 15:53
17E P 14:28 14:39 14:45 14:53 15:03 15:10 15:1515:23 18W K 15:23 15:32 15:37 15:43 15:53 16:04 16:10 16:23
18E K 14:57 15:08 15:16 15:23 15:33 15:40 15:45 15:55 19w P 15:55 16:02 16:06 16:12 16:22 16:34 16:40 16:53
19E P 15:25 15:38 15:46 15:53 16:03 16:10 16:15 16:23 20W K 16:23 16:32 16:37 16:43 16:53 17:04 17:10 17:23
20E K 15:55 16:08 16:16 16:23 16:33 16:40 16:45 16:55 21W P 16:55 17:02 17:0617:1217:22 17:34 17:40 17:53
21E P 16:25 16:38 16:46 16:54 17:04 17:11 17:16 17:24 22W K 17:24 17:3317:38 17:44 17:52 18:04 18:10 18:23
22E K 16:5517:08 17:16 17:24 17:34 17:41 17:46 17:56 23W P 17:56 18:03 18:07 18:12 18:21 18:34 18:40 18:53
23E P 17:2517:38 17:46 17:54 18:04 18:11 18:16 18:24 24W K 18:24 18:33 18:37 18:42 18:51 19:04 19:10 19:23
24E K 17:58 18:09 18:15 18:25 18:33 18:38 18:42 18:50 25W P 18:54 19:01 19:05 19:10 19:19 19:34 19:40 19:53
25E P 18:28 18:39 18:45 18:55 19:03 19:08 19:12 19:19 - B - - - - - - - - - -
26E K 18:58 19:09 19:15 19:25 19:33 19:38 19:42 19:50 26W K 19:54 20:03 20:07 20:12 20:21 20:34 20:40 20:53
27E P 19:58 20:09 20:15 20:25 20:33 20:38 20:42 20:49 27W P 20:54 21:01 21:05 21:10 21:19 21:34 21:40 21:53
28E K 20:58 21:09 21:15 21:25 21:33 21:38 21:42 21:50 - - - - - - - - - - - -
29E P 21:58 22:09 22:15 - - - - - - - - - - - - - - - -
BLOCK SUMMARY RECAP

Route #: 110 - Saturday Special Instructions:

Date: XX/XX/XX

Scheduler:

FIRST LAST
BLOCK | PULL-OUT| PULL-ON |REVENUE| REVENUE| PULL-OFF | PULL-IN | REVENUE| PLATFORM
NO. TIME LOCATION TIME TIME (LOCATION| TIME HOURS HOURS

1

Total




Route 110 Saturday blocks

Advanced Chapter 3/ Blocking Page 87
Block START/END OF REVENUE TIME Revenue
No.| 4al 5a|6a 7a] 8a]| 9al10a|11a[12p [ 1p| dp[3p[4p] Sp] 6p] 7p[ 8p[ 9p[1dp|11p | Hours
Early AM|  AM Peak Base (Midday) School | PM Peak Evening Night
1
Block START/END OF REVENUE TIME
No.| 4a| 5a| 6a| 7a| 8a| 9al10a[11a[12p[ 1p] 2p] 3p [ 4p] 5p] 6p 8p| 9p[1dp [11p -
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CHAPTER 3: EXERCISE ANSWER SHEET

Route 110 Saturday Master Schedule

Blocked
Block
#Trip Lv Arr Ly Arr Trip Lv Lv Arr Ly Arr
#Via DVC CLD CON CON CLT CLA CKP MYV WAS # Via MCC WAS MYV CKP CLA CLT CON CON FRY DVC
- - - - - - - - - - - 1W P 6:54 7:01 7:05 7:10 7:19 7:34 7:40 7:53
2 1E P Into Service  6:55 7:03 7:08 7:12 7219 2w K 7:24 7:33 7:37 7:42 7:51 8:04 8:10 8:23
3 2E K Into Service  7:25 7:33 7:38 7:42 7:50 3wW P 7:54 8:01 8:05 8:10 8:19 8:34 8:40 8:53
4 3E P Into Service  7:55 8:03 8:08 8:12 8:19 4w K 8:24 8:33 8:37 8:42 8:51 9:04 9:10 9:23
1 4E K 7:58 8:09 8:15 8:25 8:33 8:38 8:42 8:50 5W P 8:54 9:01 9:05 9:10 9:19 9:34 9:40 9:53
2 5 P 8:28 8:39 8:45 8:55 9:03 9:08 9:12 9:19 6W K 9:24 9:33 9:37 9:42 9:51 10:04 10:10 10:23
3 6E K 8:58 9:09 9:15 9:25 9:33 9:38 9:42 9:50 7W P 9:54 10:01 10:05 10:10 10:19 10:34 10:40 10:53
4 7E P 9:28 9:39 9:45 9:5510:03 10:08 10:1210:19 8W K 10:24 10:33 10:37 10:42 10:51 11:04 11:10 11:23
1 8E K 9:58 10:09 10:15 10:25 10:33 10:38 10:42 10:50 9W P 10:54 11:01 11:05 11:10 11:19 11:34 11:40 11:53
2 9E P 10:28 10:39 10:45 10:55 11:03 11:08 11:1211:19 10W K 11:24 11:33 11:37 11:42 11:51 12:04 12:10 12:23
3 10E K 10:58 11:09 11:15 11:25 11:33 11:38 11:42 11:50 11W P 11:54 12:01 12:05 12:10 12:19 12:34 12:40 12:53
4 11E P 11:28 11:39 11:45 11:55 12:03 12:08 12:1212:19 12W K 12:24 12:33 12:37 12:42 12:51 13:04 13:10 13:23
1 12E K 11:58 12:09 12:15 12:25 12:33 12:38 12:42 12:50 13W P 12:54 13:01 13:05 13:10 13:19 13:34 13:40 13:53
2 13E P 12:28 12:39 12:45 12:55 13:03 13:08 13:1213:19 14W K 13:24 13:33 13:37 13:42 13:51 14:04 14:10 14:23
3 14E K 12:58 13:09 13:15 13:25 13:33 13:38 13:42 13:50 15W P 13:54 14:01 14:05 14:10 14:19 14:34 14:40 14:53
4 15E P 13:28 13:39 13:45 13:55 14:03 14:08 14:1214:19 16W K 14:24 14:33 14:37 14:42 14:51 15:04 15:10 15:23
1 16E K 13:58 14:09 14:15 14:25 14:33 14:38 14:42 14:50 17W P 14:54 15:01 15:05 15:11 15:21 15:34 15:40 15:53
2 17E P 14:28 14:39 14:45 14:53 15:03 15:10 15:1515:23 18W K 15:23 15:32 15:37 15:43 15:53 16:04 16:10 16:23
3 18E K 14:57 15:08 15:16 15:23 15:33 15:40 15:45 15:55 19W P 15:55 16:02 16:06 16:12 16:22 16:34 16:40 16:53
4 19E P 15:25 15:38 15:46 15:53 16:03 16:10 16:1516:23 20W K 16:23 16:32 16:37 16:43 16:53 17:04 17:10 17:23
1 20F K 15:55 16:08 16:16 16:23 16:33 16:40 16:45 16:55 21W P 16:55 17:02 17:06 17:1217:22 17:34 17:40 17:53
2 21E P 16:25 16:38 16:46 16:54 17:04 17:11 17:16 17:24 22W K 17:24 17:3317:38 17:44 17:52 18:04 18:10 18:23
3 22E K 16:5517:08 17:16 17:24 17:34 17:41 17:46 17:56 23W P 17:56 18:03 18:07 18:12 18:21 18:34 18:40 18:53
4 23E P 17:2517:38 17:46 17:54 18:04 18:11 18:16 18:24 24W K 18:24 18:33 18:37 18:42 18:51 19:04 19:10 19:23
1 24E K 17:58 18:09 18:15 18:25 18:33 18:38 18:42 18:50 25W P 18:54 19:01 19:05 19:10 19:19 19:34 19:40 19:53
2 25F P 18:28 18:39 18:45 18:55 19:03 19:08 19:1219:19 - - - - - - - - - .
3 26E K 18:58 19:09 19:15 19:25 19:33 19:38 19:42 19:50 26W K 19:54 20 03 20:07 20:12 20:21 20:34 20:40 20:53
1 27E P 19:58 20:09 20:15 20:25 20:33 20:38 20:42 20:49 27W P 20:54 21:01 21:05 21:10 21:19 21:34 21:40 21:53
3 28F K 20:58 21:09 21:15 21:25 21:33 21:38 21:42 21:50 - - - - - - - - - - - -
1 29E P 21:58 22:09 22:15 - - - - - - - - - - - - - - - -
BLOCK SUMMARY RECAP
Route #: 110 - Saturday Special Instructions:
Date: XX/XX/XX
Scheduler:
FIRST LAST
BLOCK | PULL-OUT| PULL-ON |REVENUE| REVENUE| PULL-OFF | PULL-IN REVENUE| PLATFORM
NO. TIME LOCATION TIME TIME |LOCATION! TIME HOURS HOURS
1 6:32A WAS 6:54A 10:15P CON 10:22P 15:21 15:50
2 6:48A CON |6:55A | 7:19P | WAS 7:39P | 12:24 12:51
3 7:18A CON 7:25A 9:50P WAS 10:10P 14:25 14:52
4 7:48A CON 7:55A 7:23P DvC 7:35P 11:28 11:47
Total  53:38 55:20
|

Additional Deadhead Allowances for Route 110 Saturday: ~ To WAS :22
From WAS :20
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Block START/END OF REVENUE TIME Revenue
No.| 4a] 5a] 6a| 7a] 8a|9a|10a[11al12p]| 1p] 2p[ 3p]| 4p[ 5p] 6p 7p] 8p] 9p[10p[11p | Hours
Early AM| AM Peak Base (Midday) School | PM Peak Evening Night
1 654a 1Q15p 15:21
2 655a 7119p 12:24
3 725a 950p 14:25
4 7554 723p 11:28
Block START/END OF REVENUE TIME 53:38
No.| 4a| 5a| 6a| 7a| 8a| 9a|10a(11a|12p| Tp| 2p; 3p |4p| 5p| 6p| 7p | 8p| 9p 19p 11p

Route 110 Saturday blocks
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Notes:



CHAPTER 4

RUNCUTTING

Advanced Section
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I. Introduction

This unit on runcutting will demonstrate several of the complexities involved in “cutting” vehicle blocks
into assignments for operators, called “runs.” For demonstration purposes, runcutting alternatives in
this chapter will be developed from Route 110 and Route 32 blocks developed in Chapter 3.

II. Runcutting - An Overview

A. What is runcutting?

Runcutting is the process of developing operator assignments [runs] from a pool of vehicle blocks.
Runcutting is often an iterative process. A series of changes to both blocks and runs may be
necessary before “optimum” runs can be derived. Runs may consist of one or more complete or
partial blocks.

During runcutting, blocks are arranged [cut] in such a way as to create straight runs and split runs.
A straight run generally consists of a single block piece of approximately 8 to 10 hours of
continuous work. There are instances when straight runs are developed using two block pieces that
may be joined by a short [usually less than 60 minutes] paid break.

A split run generally consists of two [sometimes three] block pieces with unpaid break time (often
called swing time) between the pieces. The operator is considered “off duty” during the swing
periods.

B. Why is runcutting importa